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Abstract

Objective

In the UK, women are requested to attend a cervical cancer test every 3 years as part of the
NHS Cervical Screening Programme. This analysis compares the determinants of a cervical
cancer screening examination with the determinants of a GP visit in the same year and
investigates if cervical cancer screening participation is more likely for women who visit their
GP.

Methods

A recursive probit model was used to analyse the determinants of GP visits and cervical
cancer screening examinations. GP visits were considered to be endogenous in the cervical
cancer screening examination. The analysed sample consisted of 52,551 observations from
8,386 women of the British Household Panel Survey.

Results

The analysis showed that a higher education level and a worsening self-perceived health
status increased the probability of a GP visit, whereas smoking decreased the probability of
a GP visit. GP visits enhanced the uptake of a cervical cancer screening examination in the
same period. The only variables which had the same positive effect on both dependent vari-
ables were higher education and living with a partner. The probability of a cervical cancer
screening examination increased also with previous cervical cancer screening examinations
and being in the recommended age groups. All other variables had different results for the
uptake of a GP visit or a cervical cancer screening examination.

Conclusions

Most of the determinants of visiting a GP and cervical cancer screening examination differ
from each other and a GP visit enhances the uptake of a smear test.
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Introduction

About 3000 women receive a cervical cancer diagnosis and 1000 women die from cervical can-
cer every year in the UK [1]. Cervical cancer can be prevented if abnormalities are detected at
an early stage. Therefore, women are encouraged to attend cervical cancer screening examina-
tions within the Cervical Screening Programme (NHSCSP) which are offered by the National
Health Service (NHS) which is the national public health service of the UK. A high participa-
tion rate is especially important for the cervical cancer screening examination, because the
smear test gives the possibility of early cervical cancer detection. Cervical cancer is one of the
cancer types which has a high chance of cure if it is detected in an early stage [2].

The NHS Cervical Screening Programme (NHSCSP) is a nationally organised prevention
programme which offers women a smear test in certain time intervals. The smear test takes a
small sample of cells from the cervix and the sample is analysed under a microscope to detect
abnormalities. The cervical cancer screening examination can be done in a GP practice or
appropriate service institution such as a woman or family clinic or the genito-urinary medicine
(GUM) department of a hospital [3]. The NHSCSP defines rules about the age of first invita-
tion and screening intervals [4]. The NHSCSP has a different age of first invitation and screen-
ing intervals in England, Scotland and Wales, because the NHS England, NHS Scotland and
the NHS Wales are responsible for the management of the programme in their countries. The
invitation is dependent on age and screening examinations in the previous years [1]. The age
of the first invitation depends in which part a woman lives in Great Britain: it is age 25 in
England since 2003 and 20 in Scotland, Wales and in England before 2003 [5, 6]. Before 2003
there was a 3 to 5 yearly recall period between the age of the first invitation and age 49. The
local Primary Care Trust was responsible for the invitation policy [7]. A majority of 85% of Pri-
mary Care Trusts invited women for a cervical cancer screening every 3 years and a minority
of 15% had a mixed policy of inviting every 3 or 5 years depending on the age of women until
2002 [8]. After 2003 the policy changed to a 3 yearly recall period in all parts of Great Britain.
Women aged 50 and over are invited to cervical cancer screening examinations every three
years until age 60 in Scotland, until age 64 in Wales, and every 5 years in England until 64 [5].
No invitation letters will be sent to women over age 60 in Scotland and over age 65 in England
and Wales. Invitation letters will be sent only in the case of a previous abnormal test result.

Economic models for the demand of health care in general [9] and for preventative medical
care in particular [10] are based on human capital models. These models consider education,
training, and investment in health care as the most important investments in human capital
and investments in human capital raise the productivity of individuals including the produc-
tion of health. The Grossman model of health production considers each individual as both a
consumer and a producer of health. Health is treated as a stock variable which depreciates and
so it is necessary to investment in health to maintain the stock. This model explains how age,
health status, education, and income have an influence on the production of health and this
model can also be used to explain how these variables influence the demand of a GP visit and a
cervical cancer screening examination [9]. The Grossman model makes the distinction
between acute and preventative care, however no uncertainty is considered in this model [11].
Acute care is relevant for the consumption aspect of health, whereas preventative care is rele-
vant for the investment aspect. Other models take only uncertainty into consideration and no
distinction is made between acute and preventative care [12]. Therefore, one potential disad-
vantage of these models is that both aspects are not considered at the same time in detail: the
distinction between acute and preventative health care and uncertainty. Only one economic
model explicitly considers the demand for preventative health care and uncertainty in a sto-
chastic dynamic model [13].
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Age can have different effects on the demand for a GP visit and a cervical cancer screening
examination [10]. On one hand, health depreciates with an increasing rate at older ages. One
explanation is the higher prevalence of chronic diseases with increasing age. The necessity to
maintain health and to invest in health capital increases with age. Therefore, the demand for
GP visits and also prevention activities such as cervical cancer screening should increase. On
the other hand, older women have a shorter life span and the pay-off period for preventative
activities would be shorter. Also women of the highest age groups could be less able to visit
their GP, because of reduced mobility as a consequence of physical handicaps. Another possi-
bility could be that women of the higher age group more often visit the GP because of existing
chronic conditions and have less time to focus on prevention such as a cervical cancer screen-
ing examination, because the focus of her GP visit is on the treatment of her chronic condi-
tions. As a consequence, the effect of increasing age on the probability of visiting a GP cannot
be predicted with confidence. The NHSCSP programme gives explicit rules how often screen-
ing examinations should be done at a certain age. Cervical cancer screening examination
uptake should be higher for these age groups in comparison to other age groups. Empirical
studies have found that the uptake rate of cervical cancer screening examination is highest in
the recommended age interval [14-16]. Poor general health status which can be caused by
chronic conditions should lead to an increased probability of a GP visit [10] and this hypothe-
sis is empirically confirmed [17]. There could be less time and effort taken in doing the cervical
cancer screening examination, because of the necessity to find the reason for the poor health
status and the time consuming task to treat acute and chronic diseases as a priority. A higher
educational level should lead to an increased uptake of a GP visit and cervical cancer screening
examination, because women with a higher education level have a higher knowledge about
health in general and about the importance of prevention including cervical cancer screening
examinations in particular [14, 18]. A higher household income leads to higher household
resources with an increased demand for time in perfect health. Therefore, the probability of a
GP visit and the uptake of cervical cancer screening examinations should increase [9, 11]. The
effect of an increasing household income on the probability of a GP visit and the uptake of can-
cer screening examinations was confirmed in three studies [10, 19, 20]. However, the effect of
an increasing household income should be weaker in the UK in comparison to other countries,
because GP visits and cervical cancer screening examinations are free of charge.

Non-economic factors such as socioeconomic determinants can also influence the probabil-
ity of a GP visit and the uptake of the cervical cancer screening examination. Most of the
empirical studies have neglected non-economic factors [21, 22] and the existing empirical lit-
erature is discussed in this and the following paragraph. The GP plays an important role as
first point of contact in the UK health care system. The GP can give useful and important
advice and information about the preventative importance of a cervical cancer screening
examination. The GP can explain that regular cervical cancer screening examinations are
essential for the early detection of cervical cancer. Uptake of cervical cancer screening exami-
nations should be enhanced by a GP visit in the same period [23, 24]. Previous cervical cancer
screening examinations have a predictive value for the uptake in the most recent period [14,
15, 21], because women are invited in certain time intervals for a screening examination.
Smoking is correlated with more health risk taking behaviour and a weakened preference of
individuals for health in comparison to non-health goods [25, 26] and women who smoke
have poorer preventative health behaviour in general [27]. Smoking women have a lower prob-
ability of utilisation of healthcare services such a physician visits [28], and the predicted nega-
tive influence of smoking on screening examinations has been confirmed empirically [20, 29,
30]. An existing registration with a GP is a necessary condition to receive an invitation letter
for the cervical cancer screening examination. Routine periodic invitation letters are sent from
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the GP practice according to the recommended NHSCSP interval. A woman lowers the chance
of receiving an invitation letter if she has changed her address and residence. The uptake of
cervical cancer screening examinations has been lower for women with a changed residence
and address in one study [31], however not in another study [14].

The probability that a woman will visit a cervical cancer screening examination or a GP is
also dependent on various further individual and household characteristics. Cohabitation sta-
tus can be interpreted as an indicator for social support and a social network. Women who live
in a partnership have better possibilities to exchange information about health promoting
behaviour than non-cohabitating women [32, 33]. A higher number of children in the house-
hold could act as possible time constraint for GP visits and cervical cancer screening examina-
tions. Two studies from European countries found that women with a higher number of
children attended cervical cancer screening examinations less often [14, 31]. Women who
work part-time or full-time may have higher opportunity costs for a GP visit or a cervical can-
cer screening examination in comparison to non-working and retired women. However, the
empirical evidence was mixed in a systematic review which investigated the influence of
employment on the cervical cancer screening uptake [21]. Non-white women could face emo-
tional and cultural barriers for the cervical cancer screening examination, because a cervical
cancer screening examination by a physician can be experienced as an invasive medical proce-
dure. Ethnicity was the most important predictor for the probability of taking part in a cervical
cancer screening examination and white British women had a higher uptake than women of
other ethnicity [34].

Previous existing research with the British Household Panel Survey (BHPS) had analysed
the uptake for cervical cancer screening examinations in two studies: Sabates et al. (2006) ana-
lysed the uptake with an unbalanced panel until 2003 [14] and Labeit et al. (2013) analysed the
uptake with a balanced panel until 2008 [30] with a focus on previous screening history and
other health related variables. Polisson (2011) analysed the uptake of GP visits in England
using the General Household Survey (GHS) as a pseudo-panel: GP visit rates are determined
by health status, i.e. existence of chronic diseases, and for women, by pregnancy and child-
birth, i.e. women in their childbearing years had a higher probability of a GP visit than older
women [17]. However, all mentioned empirical analyses in Great Britain had analysed the
probability of a GP visit and a cervical cancer screening examination only separately.

There is no analysis which investigates if any determinants exist which increase or decrease
both the probability of a GP visit and a cervical cancer screening examination in one year and
if socioeconomic determinants exist which have a different effect on both uptakes. The follow-
ing empirical analysis is based on a human capital approach with the inclusion of age, educa-
tion, household income and health status as economic determinants and with the additional
inclusion of non-economic factors, because non-economic factors can also play a decisive role
for the uptake of GP visits and the cervical screening examination. The analysis compares the
determinants of a cervical cancer screening examination with the determinants of a GP visit
and additionally investigates if uptake of cervical screening examinations is more likely for
women who visit their GP. It could potentially identify certain determinants which lead to a
low probability of a GP visit and a preventive health check-up such as a cervical cancer screen-
ing examination and these determinants could be targeted by policy makers.

Methods

The appropriate model would be a two-stage decision process model if the GP would be in a
pure gate-keeper position for the cervical cancer screening examination. Such a model deter-
mines in a first step the factors of a GP visit and then in a second step the factors of a cervical
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cancer screening examination [16]. Such a two-stage decision process model could be mod-
elled with a sample selection model [10]. A cervical cancer screening examination can be done
within a GP practice in Great Britain or it can be done without visiting a GP practice by visit-
ing a specialized service such as a family clinic or a genito-urinary medicine clinic. As a result,
it is possible of getting a cervical cancer screening examination without visiting a GP practice
and the GP it is not in a pure gate-keeper position. GP visits are not essential for the provision
of cervical cancer screening examinations, but they are one possible determinant for the
uptake of a cervical cancer screening examination. Therefore, the corresponding binary vari-
able (GP visit) is included as explaining variable in the prevention equation. An appropriate
statistical model should explain jointly the determinants of the cervical cancer examination
and the determinants of the GP visit in one year and should consider also the endogeneity of
the binary endogenous variable GP visit and the presence of non-observable factors. The
recursive bivariate probit model is such a statistical model, because it allows for the estimation
of the effect that a binary endogenous variable has on a binary outcome in the presence of
unobservable variables [35]. Non-observable variables could be the women’s anxiety and fear
or the level of risk aversion and both variables can have an influence on the use of healthcare
services in general [16]. The statistical model is presented in Eqs (1) and (2):

szi =0y + xiﬁGPi + Egp; (1)

Yeg = O + x;:[))CEi + 9GP + £y (2)

In Egs (1) and (2) o’s and 8s and y are parameter vectors which have to be estimated and
£cp; and e¢g; are the error terms of the GP and cervical cancer equation with the assumption
of following a bivariate normal distribution. Individual and household socioeconomic charac-
teristics are considered as covariates in both equations. The binary variable of a GP visit is
included in the prevention equation, because the aim is to analyse the importance of the GP in
prevention use. The preventive use of a cervical cancer screening examination is not included
in the GP equation, because cervical cancer screening can be obtained without visiting a GP at
other medical institutions. The estimation of the likelihood function can be done for the recur-
sive bivariate probit model exactly in the same way as for the one of the normal bivariate probit
model [36]. The endogeneity of the GP visit variable in the cervical cancer screening equation
can be ignored for the estimation, because the likelihood function of the recursive bivariate
probit model has the same form as the one of the regular bivariate probit model [36]. No exclu-
sion restriction is necessary for the identification of the GP equation in the recursive bivariate
probit model, however adding an exclusion restriction can increase the efficiency of the esti-
mation. The lagged dependent variables are used as exclusion restrictions for the cervical can-
cer screening equation.

The screening guidelines of the NHSCSP and past participation in cervical cancer screening
examinations are relevant for the uptake: it is sensible to consider the past screening behaviour,
because there is an increased likelihood of participating in a screening examination after the rec-
ommended time interval of 3 years. Additionally, there exists the possibility that screening exam-
inations are done more frequently, because there was an unclear test result in the previous year.
Another possibility would be that a woman belongs to a high risk population with close relatives
who have a history of cervical cancer. Lagged dependent variables up to order 3 were used.

Data

The BHPS has information about GP visits and the uptake of cervical cancer screening exami-
nations over a period of 17 years (1992 to 2008). The BHPS is a nationally representative
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sample of more than 5,000 households and all interviewed individuals within a household
have to be 16 and older [37]. The first wave of the BHPS was in 1991. Questions about visiting
a GP and participating in cervical cancer screening have been in every wave. For the analysis,
an unbalanced sample of women from England, Scotland and Wales has been selected.
Women from Northern Ireland have not been included in the analysis, because data collection
has been started in Northern Ireland beginning from wave 11. The analysis has used the infor-
mation from the period from 1992 to 2008 and so information for 17 waves is available.

Female individuals with private provision or with NHS and private provision for cervical
cancer screening examinations have been excluded from the analysis and only women with
NHS provision have been included. The dependent variable has taken the value of 1 for a spe-
cific panel year if a cervical cancer screening examination was done and 0 if no cervical cancer
screening examination was done. There has been a policy change of the NHSCSP in 2003 and
a dummy coding was chosen for analysing this policy change: women belonging to age group
25-49 for all years before and including the year 2003 were coded with 0 and women belong-
ing to age group 25-49 for all the following years after the year 2003 with 1. The unbalanced
panel for cervical cancer screening consisted of 8,386 women with 52,551 observations. The
age categorisation has been according to the NHSCSP screening guidelines for the cervical
cancer screening examination: 16 to 19 (reference category), 20 to 24, 25 to 49, 50 to 64, 65
and older. The age categorisation has been for a GP visit: 16 to 29 (reference category), 30 to
39, 40 to 49, 50 to 59, 60 to 69, 70 to 79 and 80 and above. The household income was defined
as the total equivalised and deflated household annual income using the modified OECD scale
to adjust for household size and needs [38]. The International Standard Classification of Edu-
cation (ISCED) was used for the categorisation of educational levels. Different coded levels of
education were tertiary, secondary and primary education level (reference category). Health
status was self-rated and included as a variable with excellent (1) as reference category and
good (2), fair (3), poor (4) and very poor (5) as further categories [39].

Results

The recursive probit model is estimated for cervical cancer screening with lagged dependent
variables as explaining variables and also with the inclusion of the GP visit variable in the same
year.

Table 1 shows the proportion of women who have made a GP visit or a cervical cancer
screening examination in the period between 1992 and 2008. The average rate for a GP visit
was 81.84% per year over the whole observation period and 22.44% per year for a cervical can-
cer screening examination over the whole period. Participation rates for the cervical cancer
screening examination decreased over the period.

Table 2 gives descriptive statistics of the unbalanced panel for the GP and cervical cancer
screening examination visit. Table 3 presents the result of the recursive probit model and the
univariate models of the cervical cancer screening examination equation and the GP visit
equation.

Living with a partner, a higher education, women of non-white race, a worsening self-per-
ceived health status and a relocated residence led to a higher probability of visiting a GP. In
contrast, employed women, smoking women and women with a higher number of kids had a
lower probability for a GP visit. Women of the reference age group (age 16 to 29) have the
highest probability of a GP visit, followed by a decrease and a second peak for the age group 70
to 79. This second peak is followed by a decline for the oldest age group.

Taking part in a cervical cancer screening examination one year and three years earlier
showed a strong positive influence on the current uptake of a screening examination. A GP
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Table 1. Uptake rate for a GP visit and cervical cancer screening examination during the 17 years
period from 1992 to 2008 in Great Britain.

GP visit Cervical cancer screening
1992 80.50% 25.76%
1993 81.66% 25.82%
1994 81.71% 24.21%
1995 82.79% 24.79%
1996 82.51% 24.76%
1997 82.96% 24.17%
1998 84.12% 23.74%
1999 81.12% 21.56%
2000 82.64% 23.46%
2001 82.10% 23.56%
2002 82.25% 23.90%
2003 82.06% 22.43%
2004 80.19% 20.14%
2005 81.29% 20.20%
2006 80.97% 19.63%
2007 80.77% 18.98%
2008 82.39% 19.60%
Total 81.84% 22.44%

Source: BHPS. The unbalanced panels consisted for cervical cancer screening and GP visits of 8,386
women from 52,551 observations.

https://doi.org/10.1371/journal.pone.0174363.t001

visit had a positive influence on the probability of doing a cervical cancer screening examina-
tion in the same year and also living with a partner, a higher number of kids, being employed,
tertiary education and smoking. Women of non-white race had a lower probability of doing a
cervical cancer screening examination. Women in the recommended age groups for cervical
cancer screening examination had an increased uptake for cervical cancer screening examina-
tion in comparison to the youngest and oldest age group. Women with an age between 25 and
49 had no increased uptake of cervical cancer screening examinations after the change of the
NHSCSP guidelines in 2003.

Discussion

This empirical analysis investigated for the first time the joint probability of a GP visit and cer-
vical cancer screening examination in Great Britain. As econometric estimation method a
recursive probit model was used and the time period between 1992 and 2008 was analysed.
The empirical investigation showed that only two variables, education and living with a part-
ner, increased the probability of visiting a GP and a cervical screening examination. All other
analysed variables had a different influence on both probabilities.

A GP visit in the same year as a cervical cancer screening examination leads to a higher
uptake of cervical cancer screening examinations. This result is in accordance with the hypoth-
esis that the GP plays an important role as gatekeeper in the UK health care system and the GP
gives advice about prevention which includes cervical cancer screening and the cervical cancer
screening examination can also be done by GP [24]. The results are similar to those of an Ital-
ian study which has analysed the uptake of cervical cancer screening examinations with a
recursive probit, because GP visits have led in both studies to an increased uptake of cervical
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Table 2. Sample characteristics for the balanced sample of women from 1992 to 2008 in Great Britain.

Cervical cancer health check-up in period t

Frequency or mean/SD
0.216

Cervical cancer screening examination 1 year before (t-1) 0.221
Cervical cancer screening examination 2 year before (t-2) 0.228
Cervical cancer screening examination 3 year before (t-3) 0.237

GP visit during last 12 months 0.816

Health status good 0.456

Health status fair 0.234

Health status poor 0.0891
Health status very poor 0.0263
Status smoking 0.225

Living with a partner 0.645
Number of children in household 0.600/(0.974)
Secondary education (ISCED) 0.407
Tertiary education (ISCED) 0.310

Moved residence within UK 0.0698

Age 49.686/(18.580)
Total equivalised and deflated HH annual income/100 3.005/(1.857)
Employed part-time or full-time 0.524

Region Scotland 0.140

Region Wales 0.120

Ethnic non-white 0.0198
Cervical screening policy change: year after 2003 and age group 25—49 0.197

Source: BHPS. The unbalanced panels consisted for cervical cancer screening and GP visits of 8,386

women from 52,551 observations.

https://doi.org/10.1371/journal.pone.0174363.t002

screening examinations [16]. The cervical cancer screening examination can be done in both
countries at a GP practice. However, a visit of a GP practice is in both countries not an essen-
tial condition for the provision of a cervical cancer screening examination and the examina-
tions can also be done in specialized services such as family clinic or the genito-urinary

medicine (GUM) department of a hospital.

Health status can be interpreted as a proxy for health and so a poor self-perceived health
status increased the probability of visiting a GP and this result is in accordance with the Gross-
man model [9]: the higher probability can be explained by the fact that women in a poor self-
assessed health status could have a high demand of investing in their health and investing in
the health stock is necessary because of the treatment of acute and chronic diseases. The non-

significant effect of health status on the cervical cancer screening examination in contrast to
the effect on a GP visit is in accordance with this explanation, because treatment of the acute
and chronic medical conditions is a competing health priority which comes first. However,
poor self-assessed health status can influence uptake also in other ways and these reasons

could also prevent women from taking part in cervical cancer screening examinations. Firstly,
there could be lower perceptions on the preventability of health problems and all types of dis-
eases and cancer. Secondly, women with poorer health status could also express less interest in
receiving prevention information about cervical cancer [40]. Thirdly, psychological factors
such as fear and anxiety about confirmation of cervical cancer could be related to a poor health
status. Smoking had a negative impact on the probability of visiting a GP, but a positive one on
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Table 3. Univariate probit and recursive probit estimates of cervical cancer screening and GP visits in Great Britain.

Prevention equation cervical cancer screening
Cervical cancer screening examination 1 year before (t-1)
Cervical cancer screening examination 2 years before (t-2)
Cervical cancer screening examination 3 years before (t-3)
GP visit during last 12months
Healthstatus good

Healthstatus fair

Healthstatus poor

Healthstatus very poor

Smoking

Household income

Living with a partner

Number of children in household
Secondary education (ISCED)
Tertiary education (ISCED)
Employed

Moved residence

Region Scotland

Region Wales

Race non-white

Age 2024

Age 2549

Age 50-64

Age 65 and older

After year 2003xAge 25-49
Constant

GP visit equation

Healthstatus good

Healthstatus fair

Healthstatus poor

Healthstatus very poor

Smoking

Household income

Living with a partner

Number of children in household
Secondary education (ISCED)
Tertiary education (ISCED)
Employed

Moved residence

Region Scotland

Region Wales

Race non-white

Univariate probit cervical cancer

0.445*** (0.0165)
-0.0491*** (0.0170)
0.661%*** (0.0169)
0.368*** (0.0203)
-0.0171 (0.0179)
-0.0158 (0.0217)
-0.0233 (0.0307)
0.0395 (0.0509)
0.0461%** (0.0175)
0.00528 (0.00399)
0.0392%* (0.0176)
0.0203%**(0.00781)
0.0390* (0.0222)
0.0658*** (0.0237)
0.0509%** (0.0178)
0.0377 (0.0253)
-0.0239 (0.0196)
0.00707 (0.0223)
-0.0826* (0.0453)
0.425%** (0.0407)
0.343*** (0.0326)
0.150***°(0.0310)
-0.903%** (0.0376)
-0.0377%* (0.0171)
-1.632%** (0.0394)

Univariate probit GP visit

Univariate probit GP visit
0.490*** (0.0203)
1.053*** (0.0278)
1.462*%** (0.0427)
1.687*** (0.0780)
-0.136*** (0.0264)
0.00497 (0.00575)
0.0466* (0.0243)
-0.0419%** (0.0124)
0.0751** (0.0306)
0.0949*** (0.0330)
-0.104*** (0.0257)
0.111%*** (0.0284)
0.0466 (0.0302)
-0.0272 (0.0333)
0.220*** (0.0798)

Recursive probit
0.444*** (0.0166)
-0.0492*** (0.0170)
0.660%*** (0.0170)
0.478%** (0.129)
-0.0344 (0.0272)
-0.0463 (0.0418)
-0.0592 (0.0521)
0.00199 (0.0671)
0.0494*** (0.0180)
0.00512 (0.00399)
0.0384** (0.0176)
0.0212***(0.00789)
0.0366 (0.0224)
0.0628*** (0.0240)
0.0539*** (0.0182)
0.0336 (0.0258)
-0.0250 (0.0196)
0.00775 (0.0223)
-0.0873* (0.0457)
0.418%*** (0.0416)
0.342*** (0.0326)
0.152*** (0.0311)
-0.903*** (0.0376)
-0.0370** (0.0171)
-1.700*** (0.0874)
Recursive probit
0.490%*** (0.0203)
1.053*** (0.0278)
1.463*** (0.0427)
1.687*** (0.0780)
-0.136*** (0.0264)
0.00498 (0.00574)
0.0463* (0.0243)
-0.0419*** (0.0124)
0.0751** (0.0305)
0.0948*** (0.0330)
-0.105*** (0.0257)
0.110*** (0.0284)
0.0463 (0.0302)
-0.0267 (0.0334)
0.220%*** (0.0798)

Age 30-39 -0.187*** (0.0328) -0.187*** (0.0328)
Age 40-49 -0.380*** (0.0349) -0.381*** (0.0349)
Age 50-59 -0.346*** (0.0388) -0.347*** (0.0388)
Age 60-69 -0.285%** (0.0430) -0.283*** (0.0433)
Age 70-79 -0.196*** (0.0477) -0.198*** (0.0481)
Age 80 and above -0.243*** (0.0577) -0.246*** (0.0583)
(Continued)
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Table 3. (Continued)
Constant -1.632*** (0.0394) 0.593*** (0.0509) 0.594*** (0.0510)

Source: BHPS. Unbalanced panels consisted for cervical cancer screening of 8,386 women from 52,551 observations. Robust SEs are displayed in
parentheses, to account for individual repeated observations in the panel.

*p<0.1;

**p<0.05;

*¥*¥p<0.01.

https://doi.org/10.1371/journal.pone.0174363.t003

visiting a cervical cancer screening examination [16]. The first result could be interpreted as
confirmation of smoking as an indicator for health risk taking behaviour and smokers have
shown a reduced healthcare utilisation including physician visits [25, 28], however not the sec-
ond result could be explained in this way. There could exist a reverse causality of cervical
screening examinations on smoking behaviour. Women who report current and recent smok-
ing have an increased likelihood of cervical abnormalities with higher probabilities of positive
smear test results in screening examinations [41]. An increased probability of further cervical
cancer screening examinations could follow. A positive test result could lead women to give up
their smoking, because these women want to change their health behaviour and become more
health-conscious and these women would have less cervical abnormalities in the future. As a
further consequence, non-smoking women could have a decreased probability of cervical can-
cer screening examinations. The strong influence of past screening behaviour with a positive
significant effect of the own first order lag and the third order lag cervical cancer screening
shows that past screening behaviour influences the behaviour in the most recent period. This
result can be interpreted as persistence in screening behaviour or state dependence [42]. The
NHSCSP gives explicit rules for the time interval between screening examinations. The impor-
tance of these screening guidelines on current behaviour can be seen especially in the high pre-
dictive value of a cervical cancer screening examination which has been done three years
before. Also the coefficient for a screening examination which has been done one year before
is positive. The coefficient for the first order lag could be explained by the possibility that a
necessary control follow-up is necessary to check an unclear test result from a previous cervical
cancer screening examination.

When using a recursive probit model, it is not possible to differentiate between unobserved
heterogeneity and state dependence. For differentiating between these two econometric possi-
bilities it would be necessary to use a dynamic panel probit model with a Wooldridge-type esti-
mator. It has been shown that unobserved heterogeneity can play an important role in
explaining variation [30]. A further weakness in the used recursive probit model lies in the fact
that the lagged dependent variables are assumed to be exogenous and not endogenous such as
in a dynamic panel data model.

The relevance of the strict age recommendations of the NHSCSP can be seen in the specifi-
cations with the highest probability of uptake in the recommended age groups. The finding of
a lower screening uptake in the oldest age group in comparison to younger age groups can be
explained with the shorter pay-off period for older women and the lower incidence of cervical
cancer in older age groups [43]. The change of the cervical cancer screening policy in 2003 for
the age group 25 to 49 with shortening the recommended time interval from 5 to 3 years had
no effect. The reason why the policy change in cervical cancer screening had no effect could be
based on the fact that before 2003 85% of the PCT’s decided themselves for a 3-year invitation
policy [7]. The result of the relationship between age and the likelihood of a GP visit shows
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that women with age 30 and below have a higher probability of visiting a GP than women of
the adjacent older age groups. The probability of a GP visit increases again for the higher age
groups and then it declines for the oldest age group. The present analysis is in accordance with
an analysis which investigates the probability and number of GP visits by sex and age in
England [17]. This analysis has shown that the probability and number of GP visits have a first
peak around age 30 and then it is followed by a decline and then a second peak and it also con-
firms the present analysis that the probability of a GP visit for women is most driven by the
health status and age of the women.

In two systematic reviews which has analysed the determinants of screening uptake for dif-
ferent cancer screening examinations, none of the analysed socioeconomic variables has been
significant in all analysed studies [21, 22]. The estimations confirm the result of these system-
atic reviews, because different socioeconomic variables are of importance for the GP visit and
the cervical cancer screening examination. Only secondary and tertiary education and living
with a partner has increased the probability in both equations. Results are in accordance with
the prediction, because higher education leads through different influence channels to an
increased demand for health care such as GP visits and prevention. Living within a partnership
can be interpreted as an indicator for a better social network. A functioning social network
could increase the propensity of a woman to visit her GP visit and to take part in preventative
screening examinations. Other socioeconomic variables have had inconsistent results in both
equations. A higher number of children and being employed has decreased the probability of
visiting a GP, but has increased the possibility of having a cervical cancer screening examina-
tion. Non-white women have had a higher probability of visiting a GP which is in accordance
with another empirical analysis for England [44], but a lower probability of having a cervical
cancer screening examination. Most of the non-white women are of black and Asian ethic ori-
gin and cultural and emotional barriers exist in taking part in a cervical cancer screening
examination and the examination can be perceived by women as an invasive intimidating pro-
cedure [45]. Lack of awareness and low perceived risk are also reasons for the lower cervical
screening coverage [45].

A first limitation exists, because there is no information about the location of the screening
unit available, i.e. there is no information available on whether the cervical screening examina-
tion has been done in a GP practice or in another location. Characteristics of the screening
unit such as structure and organization of medical services performing the screening test can
influence the uptake rate. Such an association has been shown for cervical cancer screening
uptake and GP practice characteristics in England [46]. A second limitation of the analysis
exists, because there is no information about results from previous smear tests available. There-
fore, it is not possible to make a distinction between a regular preventative and a control fol-
low-up cervical screening examination, which is done in response to previous inconclusive
results. A third limitation is that no personal or family history of cervical cancer is available in
the dataset. It is recommended to do a smear test annually for these women and these women
would probably have a higher uptake [47]. A fourth limitation exists, because there is no infor-
mation about the level of trust in the GP or in the NHS available, because it has been shown
that a visit of a GP or doing a cervical cancer screening examination can be dependent on the
trust in these institutions [16]. A fifth limitation exists, because a recursive probit model con-
siders no unobserved heterogeneity and lagged dependent variables are assumed as exogenous.

Conclusions

The innovative feature is to analyse the determinants of a GP visit and cervical cancer screen-
ing examination with a recursive panel probit model for Great Britain. There is no analysis
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until now that investigates which determinants are common and which are different for a GP
visit and a cervical cancer screening examination. The analysis shows that only higher educa-
tion and living with a partner increases both probabilities and a poor health status increases
only the probability of a GP visit, but not for the cervical cancer screening examination. Also
the influence of a GP visit on the probability of a cervical cancer screening examination is
important. No determinants could be identified which lead both to a low probability of a GP
visit and a cervical cancer screening examination and could be easily targeted.

An implication for policymakers and practitioners is that a GP visit promotes the uptake of
the cervical cancer screening examination and his role in preventive health check-ups such as
a cervical cancer screening examination should not weakened. Further research would be nec-
essary to analyse how a cervical cancer screening examination competes with other medical
activities such as the time intensive treatment of acute and chronic disease conditions at a GP
visit and how this could affect preventive screening examinations during a GP visit.

Acknowledgments

Data from the British Household Panel Survey were collected by the Institute for Social and
Economic Research at the University of Essex and made available by the UK Data Archive.
This research used the SPECTRE High Performance Computing Facility at the University of
Leicester.

Author Contributions
Conceptualization: AML.
Formal analysis: AML.
Investigation: AML.
Methodology: AML.

Project administration: AML.
Resources: AML.

Software: AML.

Validation: AML.
Visualization: AML.

Writing - original draft: AML.
Writing - review & editing: AML FP.

References

1. Public Health England. Cervical Screening Programme. https://www.gov.uk/government/collections/
cervical-screening-professional-guidance (26 January 2017, date last accessed).

2. Biewenga P, van der Velden J, Mol BW, Stalpers LJ, Schilthuis MS, van der Steeg JW, et al. Prognostic
model for survival in patients with early stage cervical cancer. Cancer. 2011; 117(4):768-76. https://doi.
org/10.1002/cncr.25658 PMID: 20922801

3. NHS. NHS choices. Cervical screening. http://www.nhs.uk/conditions/Cervical-screening-test (26 Janu-
ary 2017, date last accessed).

4. NHS. Cervical Screening Programme. http://www.cancerscreening.nhs.uk/cervical/publications/
reviews-leaflets.html (26 January 2017, date last accessed).

PLOS ONE | https://doi.org/10.1371/journal.pone.0174363  April 5, 2017 12/14


https://www.gov.uk/government/collections/cervical-screening-professional-guidance
https://www.gov.uk/government/collections/cervical-screening-professional-guidance
https://doi.org/10.1002/cncr.25658
https://doi.org/10.1002/cncr.25658
http://www.ncbi.nlm.nih.gov/pubmed/20922801
http://www.nhs.uk/conditions/Cervical-screening-test
http://www.cancerscreening.nhs.uk/cervical/publications/reviews-leaflets.html
http://www.cancerscreening.nhs.uk/cervical/publications/reviews-leaflets.html
https://doi.org/10.1371/journal.pone.0174363

@° PLOS | ONE

Determinants GP visit cervical cancer screening

10.
1.
12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Macmillan Cancer Support. Cervical Screening. http://www.macmillan.org.uk/Cancerinformation/
Testsscreening/Cervicalscreening/Cervicalcancerscreening.aspx (26 January 2017, date last
accessed).

Public Health England. UKNSC policy database. The UK NSC policy on Cervical Cancer screening in
women. http://www.screening.nhs.uk/cervicalcancer (26 January 2017, date last accessed).

Government Statistical Service. Cervical statistics bulletin: Cervical Screening Programme, England:
2002-03. http://webarchive.nationalarchives.gov.uk/20150506150512/http://www.cancerscreening.
nhs.uk/cervical/cervical-statistics-bulletin-2002-03.pdf (26 January 2017, date last accessed).

National Health Service. in: Patnick J (ed.) Building on experience: Cervical screening programme (
NHS, London, 2002).

Grossman M. On the Concept of Health Capital and the Demand for Health. JPE. 1972; 80(2):223-55.
Kenkel D. The Demand for Preventative Medical Care. Appl Econ. 1994; 26(4):313-25.
Zweifel P, Breyer F, Kifmann M. Health economics. Berlin: Springer 2009.

Selden T. Uncertainty and health care spending by the poor: the health capital model revisited. J Health
Econ. 1993; 12(1):109-15. PMID: 10126487

Cropper ML. Health, Investment in Health, and Occupational Choice. JPE. 1977; 85(6):1273-94.

Sabates R, Feinstein L. The role of education in the uptake of preventative health care: the case of cer-
vical screening in Britain. Soc Sci Med. 2006; 62(12):2998-3010. https://doi.org/10.1016/j.socscimed.
2005.11.032 PMID: 16403597

Labeit A, Peinemann F, Kedir A. Cervical cancer screening service utilisation in UK. Scientific reports.
2013; 3:2362. https://doi.org/10.1038/srep02362 PMID: 23917486

Carrieri V, Bilger M. Preventive care: underused even when free. Is there something else at work? Appl
Econ. 2013; 45(2):239-53.

Polisson M. Do waiting times matter in primary care? GP visits and list sizes in England. Working
Paper, Department of Economics Oxford. Discussion Paper Series. Number 541, 2011.

Kenkel D. Prevention. in: Culyer AJ, Newhouse JP. (eds.) Handbook of Health Economics, Vol. 1,
Chpt. 31, 1675-1720. Elsevier, North Holland, 2000.

Challier B, Meslans Y, Viel JF. Deprived areas and attendance to screening of cervix uteri cancer in a
French region. Cancer Causes Control. 2000; 11(2):157-62. PMID: 10710200

Lairson D C W, Newmark G. Determinants of the demand for breast cancer screening among women
veterans in the United States. Soc Sci Med. 2005; 61(7):1608—17. https://doi.org/10.1016/j.socscimed.
2005.03.015 PMID: 16005790

Jepson R, Clegg A, Forbes C, Lewis R, Sowden A, Kleijnen J. The determinants of screening uptake
and interventions for increasing uptake: a systematic review. Health Technol Assess. 2000; 4(14):1—
133.

Dryden R, Williams B, McCowan C, Themessl-Huber M. What do we know about who does and does
not attend general health checks? Findings from a narrative scoping review. BMC Public Health. 2012;
12:723. https://doi.org/10.1186/1471-2458-12-723 PMID: 22938046

Scott A. Economics of general practice. Handbook of Health Economics, Vol. 1, 1175-1200. Elsevier,
2000.

Peckham S, Hann A, Boyce T. Health promotion and ill-health prevention: the role of general practice.
Qual Prim Care. 2011; 19(5):317-23. PMID: 22186174

Pfeifer C. A Note on Smoking Behavior and Health Risk Taking. Nordic Journal of Health Economics.
2012:135-51.

Viscusi WK. Do Smokers Underestimate Risks? JPE. 1990; 98(6):1253-69.

Perkins KA, Rohay J, Meilahn EN, Wing RR, Matthews KA, Kuller LH. Diet, alcohol, and physical activity
as a function of smoking status in middle-aged women. Health Psychol. 1993; 12(5):410-5. PMID:
8223366

Wacker M, Holle R, Heinrich J, Ladwig K, Peters A, Leidl R, et al. The association of smoking status
with healthcare utilisation, productivity loss and resulting costs: results from the population-based
KORA F4 study. BMC Health Serv Res. 2013; 13.

Lin SJ. Factors influencing the uptake of screening services for breast and cervical cancer in Taiwan. J
R Soc Promot Health. 2008; 128(6):327—-34. PMID: 19058475

Labeit A, Peinemann F, Baker R. Utilisation of preventative health check-ups in the UK: findings from
individual-level repeated cross-sectional data from 1992 to 2008. BMJ open. 2013; 3(12):e003387.
https://doi.org/10.1136/bmjopen-2013-003387 PMID: 24366576

PLOS ONE | https://doi.org/10.1371/journal.pone.0174363  April 5, 2017 13/14


http://www.macmillan.org.uk/Cancerinformation/Testsscreening/Cervicalscreening/Cervicalcancerscreening.aspx
http://www.macmillan.org.uk/Cancerinformation/Testsscreening/Cervicalscreening/Cervicalcancerscreening.aspx
http://www.screening.nhs.uk/cervicalcancer
http://webarchive.nationalarchives.gov.uk/20150506150512/
http://www.cancerscreening.nhs.uk/cervical/cervical-statistics-bulletin-2002-03.pdf
http://www.cancerscreening.nhs.uk/cervical/cervical-statistics-bulletin-2002-03.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10126487
https://doi.org/10.1016/j.socscimed.2005.11.032
https://doi.org/10.1016/j.socscimed.2005.11.032
http://www.ncbi.nlm.nih.gov/pubmed/16403597
https://doi.org/10.1038/srep02362
http://www.ncbi.nlm.nih.gov/pubmed/23917486
http://www.ncbi.nlm.nih.gov/pubmed/10710200
https://doi.org/10.1016/j.socscimed.2005.03.015
https://doi.org/10.1016/j.socscimed.2005.03.015
http://www.ncbi.nlm.nih.gov/pubmed/16005790
https://doi.org/10.1186/1471-2458-12-723
http://www.ncbi.nlm.nih.gov/pubmed/22938046
http://www.ncbi.nlm.nih.gov/pubmed/22186174
http://www.ncbi.nlm.nih.gov/pubmed/8223366
http://www.ncbi.nlm.nih.gov/pubmed/19058475
https://doi.org/10.1136/bmjopen-2013-003387
http://www.ncbi.nlm.nih.gov/pubmed/24366576
https://doi.org/10.1371/journal.pone.0174363

@° PLOS | ONE

Determinants GP visit cervical cancer screening

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

Majeed FA, Cook DG, Anderson HR, Hilton S, Bunn S, Stones C. Using patient and general practice
characteristics to explain variations in cervical smear uptake rates. BMJ. 1994; 308(6939):1272—6.
PMID: 8205021

Rodvall Y, Kemetli L, Tishelman C, Tornberg S. Factors related to participation in a cervical cancer
screening programme in urban Sweden. Eur J Cancer Prev. 2005; 14(5):459-66. PMID: 16175050

Lagerlund M, Maxwell AE, Bastani R, Thurfjell E, Ekbom A, Lambe M. Sociodemographic predictors of
non-attendance at invitational mammography screening—a population-based register study (Sweden).
Cancer Causes Control. 2002; 13(1):73-82. PMID: 11899121

Moser K, Patnick J, Beral V. Inequalities in reported use of breast and cervical screening in Great Brit-
ain: analysis of cross sectional survey data. BMJ. 2009; 338:b2025. https://doi.org/10.1136/bm|.b2025
PMID: 19531549

Marra G, Radice R. Estimation of a semiparametric recursive bivariate probit model in the presence of
endogeneity. Canadian Journal of Statistics. 2011; 39(2):259-79.

Greene WH. Gender Economics Courses in Liberal Arts Colleges: Further Results. The Journal of Eco-
nomic Education. 1998; 29(4):291-300.

Brice J, Buck, N, Prentice-Lane, E. British Household Panel Survey User Manual. Volume A: Introduc-
tion, Technical Report and Appendices. Colchester 2010.

Jenkins SP. The British Household Panel Survey and its income data. ISER Working Paper Series, No.
2010-33. Colchester 2010.

Manderbacka K, Lahelma E, Martikainen P. Examining the continuity of self-rated health. International
journal of epidemiology. 1998; 27(2):208—13. PMID: 9602400

Kulik JA, Mahler HI. Health status, perceptions of risk, and prevention interest for health and nonhealth
problems. Health Psychol. 1987; 6(1):15-27. PMID: 3816742

Scholes D, McBride C, Grothaus L, Curry S, Albright J, Ludman E. The association between cigarette
smoking and low-grade cervical abnormalities in reproductive-age women. Cancer Causes Control.
1999; 10(5):339—44. PMID: 10530602

Contoyannis P, Jones A, Rice N. The dynamics of health in the British Household Panel Survey. J Appl
Econ. 2004; 19(4):473-503.

Office for National Statistics. Cervical cancer is the most common cancer for women aged 15-34, 2014.
http://www.ons.gov.uk/ons/rel/vsob1/cancer-statistics-registrations—england—series-mb1-/no—42—
2011/sty-cervical-cancer.html (26 January 2017, date last accessed).

Morris S, Sutton M, Gravelle H. Inequity and inequality in the use of health care in England: an empirical
investigation. Soc Sci Med. 2005; 60(6):1251-66. https://doi.org/10.1016/j.socscimed.2004.07.016
PMID: 15626522

Marlow LA, Waller J, Wardle J. Barriers to cervical cancer screening among ethnic minority women: a
qualitative study. J Fam Plann Reprod Health Care. 2015; 41(4):248-54. https://doi.org/10.1136/jfprhc-
2014-101082 PMID: 25583124

Bang JY, Yadegarfar G, Soljak M, Majeed A. Primary care factors associated with cervical screening
coverage in England. J Public Health (Oxf). 2012:1-7.

Vesco KK, Whitlock EP, Eder M, Lin J, Burda BU, Senger CA, et al. Screening for Cervical Cancer: A
Systematic Evidence Review for the US Preventive Services Task Force. U.S. Preventive Services
Task Force Evidence Syntheses, formerly Systematic Evidence Reviews. Rockville (MD)2011.

PLOS ONE | https://doi.org/10.1371/journal.pone.0174363  April 5, 2017 14/14


http://www.ncbi.nlm.nih.gov/pubmed/8205021
http://www.ncbi.nlm.nih.gov/pubmed/16175050
http://www.ncbi.nlm.nih.gov/pubmed/11899121
https://doi.org/10.1136/bmj.b2025
http://www.ncbi.nlm.nih.gov/pubmed/19531549
http://www.ncbi.nlm.nih.gov/pubmed/9602400
http://www.ncbi.nlm.nih.gov/pubmed/3816742
http://www.ncbi.nlm.nih.gov/pubmed/10530602
http://www.ons.gov.uk/ons/rel/vsob1/cancer-statistics-registrations--england--series-mb1-/no--42--2011/sty-cervical-cancer.html
http://www.ons.gov.uk/ons/rel/vsob1/cancer-statistics-registrations--england--series-mb1-/no--42--2011/sty-cervical-cancer.html
https://doi.org/10.1016/j.socscimed.2004.07.016
http://www.ncbi.nlm.nih.gov/pubmed/15626522
https://doi.org/10.1136/jfprhc-2014-101082
https://doi.org/10.1136/jfprhc-2014-101082
http://www.ncbi.nlm.nih.gov/pubmed/25583124
https://doi.org/10.1371/journal.pone.0174363

