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SUMMARY
Background. Against a background of concern over the
costs of the cervical screening programme in the United
Kingdom, increased precision in targeting groups at high
risk of having an abnormal cervical smear offers a means
of increasing efficiency. Previous papers have described
the development of a risk scoring system and its feasibility
and reliability in primary care.
Aim. A study was carried out to assess the validity of the
scoring system by testing its predictive ability on a
prospective data set.
Method. Consecutive attenders for cervical smear tests at
seven practices and three clinics were recruited for the
study. The women completed a questionnaire from which
their risk scores could be calculated. The scores were com-
pared with cytology and histology results. Various perform-
ance statistics were obtained.
Results. In terms of cervical intraepithelial neoplasia (CIN) 2
or 3, there was an 11 fold increased risk among the low risk
group (scores of four or five) compared with the very low
risk group (scores of three or less). The system enabled the
identification of 75% (95% confidence interval 62% to 84%)
of cases of CIN 2 or 3 among the 21% of the 3629 women
with known histology who had a score of four or five.
Conclusion. Given the ease with which risk status can be
ascertained (a risk score could not be calculated for only 23
of3661 women) and the magnitude of difference in risk, the
risk scoring system appears to have potential for assisting
the targeting of screening resources. Studies of risk percep-
tion and behaviour, and ultimately a randomized controlled
trial, are required to assess the effectiveness and cost effec-
tiveness of risk targeting.
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Introduction
IN the current climate where suggestions are being sought to
reduce the costs of the cervical screening programme in the

United Kingdom, increased precision in targeting groups at high
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risk of developing an abnormal cervical smear offers a means of
increasing efficiency.' Case-control studies have demonstrated
substantial variation in risk status among individual women.2-6
Moreover, although the programme is equally targeted towards
all sexually active women aged 20 to 65 years with a recom-
mended five year interval between tests,7 there is evidence that
cervical screening in the UK remains unevenly distributed,
which may make health gain targets difficult to achieve.8'9

Previous evaluation of risk-related cervical screening was con-
cerned with selective screening, that is, the exclusive screening
of high risk women; not surprisingly, the concept was dismissed
because of the penalty in terms of missed cases.10'1'
Two previous papers have in turn described the current di-

lemmas of the national cervical screening programme and the
development of a risk scoring system for cervical neoplasia."'2
This scoring system was designed for simplicity so as to have the
potential for use by women themselves, and the four items
included are independent risk factors, that is, risk information is
not being duplicated within the scale. In the risk scoring system,
women educated to A-level or higher scored zero; women edu-
cated to a different level scored one. Non-smokers scored zero
and smokers scored one. Women who had used oral contracept-
ives for fewer than five years scored zero; women who had used
them for five years or more scored one. Women who had had
only one sexual partner scored zero; women who had had two
partners scored one; and women who had had three or more part-
ners scored two. Scores could therefore be between zero and five.
A pilot interview survey in primary care was conducted to

assess the feasibility and test-retest reliability of the tool.'3
Women found the questionnaire (from which the scoring system
could be derived) easy to complete and were not uncomfortable
answering sensitive questions in this setting. There was excellent
test-retest reliability.

Dividing the pilot sample into two risk categories (scores of
four and five being at low risk and scores of zero to three at very
low risk) led to about 20% of women being in the first of these
groups. These labels were chosen since, regardless of the explicit
outcome intended in any application of the risk scale, women
may link their risk status to invasive cervical cancer, which in the
UK is rare.14 In addition, there is evidence that women in the UK
are particularly anxious about the disease and therefore frighten-
ing labels are likely to be falsely interpreted.'5-'7

Having constructed the scoring system and demonstrated the
feasibility of its use in a primary care setting, the next stage was
to demonstrate the validity of the tool by testing its predictive
ability on a new data set. A prospective study was therefore
undertaken of the current risk status and subsequent smear result
of a sample of women attending for cervical cytology screening.

Method
The sample consisted of consecutive attenders for cervical smear
tests in seven practices, two district health authority clinics and
the genitourinary medicine clinic in Cardiff. The relative propor-
tion of the types of sites recruited into the study was designed to
reflect the overall pattern of cervical cytology carried out in the
area, and to represent a wide spread across the social classes.
When considering social class, the occupation of the partner was
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used where this was stated; if not the woman's own occupation
was used.'8
The sample size was chosen to achieve reasonably precise

confidence intervals for a projection of acceptable sensitivity in
the detection of a dyskaryotic smear result. Specifically, if the
sensitivity obtained were to be 70%, the aim was to estimate this
with at most a 10% margin of error, that is, to obtain a 95% con-
fidence interval for true sensitivity of 60% to 80%. Using exact
confidence intervals based on the binomial distribution'9 this
required approximately 80 dyskaryotic smear results in total.
Dyskaryosis of any degree appears to have a higher rate in South
Glamorgan (about 3%) than the UK average.20 For this calcula-
tion, however, 2% was used as a conservative estimate. Hence
the total cohort size required for this study was around 4000
women. As a corollary, if as in the pilot study, the proportion of
women in the low risk band was about 20%, then given this
sample size the positive predictive value would be estimated as
7% with a margin of error of 2%. This was also felt to be accept-
able. Given a target of 4000 patients the projected length of study
for the number of sites envisaged was approximately 12 months.

Data collection and management
In each site, the practice nurse or clinic nursing sister who car-
ried out the majority of the cervical smear tests took a lead role
in the data collection. Women were invited to participate in the
study during their consultation for a cervical smear test. A self-
report form, described previously,'3 contained questions de-
signed to gather, among other information, the risk factors chosen
for the scoring system and this was completed by each woman.
Confidentiality was preserved by using numbers instead of
names on the self-report forms, which were sent to the labor-
atory alongside, but separated from, the cytology form. The risk
score was not calculated explicitly until the data were analysed
for the purposes of this study.

Data collection commenced in December 1989 and was com-
pleted in January 1991. The denominator for the sample was
determined from the manual records which were kept of all tests
processed through the South Glamorgan laboratory.

Histology results were collected for those women who had an
abnormal smear result followed by colposcopy examination. All
abnormal smear tests in the study were re-read by a consultant
cytopathologist to identify any false positives in the sample;
none was identified.

Outcome measures
Three outcomes were used: any dyskaryosis, moderate or severe
dyskaryosis and cervical intraepithelial neoplasia (CIN) grades 2
or 3. These are the most influential in terms of broadly accepted
patient management: all women with dyskaryosis will at the least
receive increased surveillance; all women with moderate or
severe dyskaryosis proceed to an outpatient appointment for col-
poscopy; all patients with CIN 2 or 3 are likely to receive opera-
tive treatment.21

Statistics
Since the aim was to assess the predictive value of the scoring
system, sensitivity, specificity and predictive values were calcu-
lated. Although the use of a single (pre-specified) cut-off point for
the risk score would accord with its probable practical applica-
tion, a more complete picture of performance could be depicted
by using a receiver operating characteristic chart, that is, a plot of
sensitivity against 1-specificity across the possible cut-off points
on the risk score.22 The charts were used to compare, for the
three different outcomes, the performance statistics of the scor-
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ing system across the full range of the risk scale.
The positive and negative predictive values for the specified

cut-off point (below four; four and above) were important for
assessing the practical value of the scoring system. These are
presented in the form of pre- and post-test probabilities, that is,
the proportion with the outcome, first for the entire sample (the
prevalence) and then separately for the two risk groups (posi-
tive predictive value and 1-negative predictive value). The
comparison of the two post-test probabilities is presented in
terms of their ratio (risk ratio) and their difference (attributable
risk).
A further question relating to the performance of the risk scale

was how this varied across subgroups of women according to
various sociodemographic characteristics. In part this is an issue
of its generalizability, but it is also apposite to the wider question
of whether the many items collected but not part of the previous-
ly proposed scoring system might have confounded or interacted
with the risk score. Therefore age, social class and practice type
were considered by both stratified analysis and by multiple logis-
tic regression.22

Data analysis was performed using the SPSSPC+ version 3.0
for basic frequencies and cross-tabulations, the EGRET package
for multiple logistic regression and the CIA package for confid-
ence intervals.23

Results
According to the manual records held for the South Glamorgan
cervical screening programme, 4912 cervical smear tests were
performed at the study sites during the data collection period. Of
these, 314 had been repeat smears owing to inadequate initial
smears. Of the 4598 women tested, 319 were already under sur-
veillance owing to previous dyskaryosis. Therefore, 4279 women
were eligible for inclusion in the study. Fifty four women chose
not to take part, 196 study forms were not completed, and in 368
cases the study protocol was not followed. Thus 3661 women
(85.6%) had data available for analysis. The participation rate
varied across the sites from 72% in one of the practices to 97%
in the two clinics. The percentage contributions of the 10 sites to
the total number of women in the study varied from 5% to 17%.
The age distribution of the sample was positively skewed

(mean age 36 years, median 33 years, range 14 to 72 years).
Compared with the 1981 census data for England and Wales,
women in social class 1 were over-represented (10%), and
women in social classes 3M (15%), 4 (6%) and 5 (4%) were
under-represented.24

Risk scores could not be calculated for 23 women, 10 because
they reported being virgins at the time of attending for the smear
test. Among the 3638 with a risk score, 280 women scored zero
(7.7%), 868 scored one (23.9%), 904 scored two (24.8%), 801
scored three (22.0%), 593 scored four (16.3%), and 192 scored
five (5.3%). Therefore, 785 women (21.6%) were in the low risk
category and 2853 (78.4%) were in the very low risk category.
The cytology and histology results are shown in Table 1.

Women who initially had inadequate smears were given a repeat
test and then classified according to the result of the repeat
smear. The cytology figures from South Glamorgan Health
Authority for 1990 show that 94.7% of smears were normal,
2.2%-were borderline and 3.1% were dyskaryotic, compared
with 93.2%, 3.0% and 3.9%, respectively, in this study.
The relationship between risk score (scores of four or five

being low risk and scores of zero to three being very low risk)
and cytology and histology (any dyskaryosis, moderate or severe
dyskaryosis and CIN 2 or 3) is shown in Table 2. The perfor-
mance statistics for the risk scale using the cut-off points for the
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Table 1. Cytology results for the study women, and histology
results for the study women with a dyskaryotic smear result.

Result No. (%) of women with result

Cytology (n = 3661)
Normala 3411 (93.2)
Borderline 109 (3.0)
Dyskaryosis:
Mild 86 (2.3)
Moderate 30 (0.8)
Severe 25 (0.7)

Histology(n= 114P
Normal 32 (28.1)
CIN:

1 15 (13.2)
2 18 (15.8)
3 47 (41.2)

Invasive cervical cancer 2 (1.8)
n = number of women in group. aIncludes one case of glandular neopla-
sia. bExcludes 18 cases where biopsy was not performed and nine
cases for whom biopsy result was unavailable.

three outcome measures, and the risk ratios and attributable risks,
are shown in Table 3. In particular, these indicate that 75% of the
cases of CIN 2 or 3 were identified among just 21.4% of the total
sample with known histology who had a risk score of four or
five; equivalently, that in this 21.4% the proportion with the out-
come CIN 2 or 3 was 64 per 1000, compared with six per 1000
among the remaining 78.6% of the sample.
The receiver operating characteristic charts comparing the per-

formance of the risk scale across all possible cut-off points for
each of the three outcome measures are shown in Figure 1. A
progressively increasing shift towards the top left corner is
apparent for moderate or severe dyskaryosis and CIN 2 or 3 in
turn compared with any dyskaryosis. This shows the improved
performance of the scoring system as the outcome becomes more
focused on the higher grade cervical lesions.

Investigation of the generalizability of the scoring system
across different ages, socioeconomic groups and primary care
settings revealed that none of these factors altered the perform-
ance statistics of the risk scale for each of the three outcome
measures. That is, they did not confound the risk score. As
regards the factors themselves, there was a statistically signific-
ant linear decline with age in the risk of 'any dyskaryosis', and
increased risks of the two more serious outcomes among 30-49
year olds. All of these patterns were reduced in magnitude and,
for the more serious outcomes, were of borderline or no statist-
ical significance after controlling for the risk score (not surpris-
ingly since age is implicit within some components of the risk
score). However, there was an element of systematic variation in
risks across socioeconomic groups which was not wholly
accounted for by the risk score.

Although there was a suggestion that the performance of the
risk scale was enhanced among older women, this was compens-
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Table 2. Cytology and histology results according to risk status.

Number of women

Risk status

Result Low Very Low Total

Any dyskaryosis
Yes 83 58 141
No 702 2795 3497
Total 785 2853 3638

Moderate or severe dyskaryosis
Yes 40 15 55
No 745 2838 3583
Total 785 2853 3638

CIN 2 or 3
Yes 50 17 67
No 728 2834 3562
Total 778 2851 3629

CIN = cervical intraepithelial neoplasia.

ated for by the declining absolute risks. There was no evidence
of differential performance across either social class groups or
type of site.

Discussion
The results from this prospective survey are encouraging, with an
11 fold change in risk of CIN 2 or 3 between the women in the
low and very low risk groups. Given the ease with which risk
status could be ascertained, and the magnitude of difference in
risk for the outcome of CIN 2 or 3, the scale appears to have
potential for the targeting of screening resources.
The performance statistics of the scoring system were better

for the more serious outcomes of moderate or severe dyskaryosis
and CIN 2 or 3 than for the wider outcome of any dyskaryosis.
This may be because minor degrees of dyskaryosis and dysplasia
are less easy to defme than the more severe end of the disease
spectrum.

Although younger women and those in higher social classes
were over-represented in this sample, this is characteristic of a
sample of women recruited while attending for cervical screen-
ing.8 It is reassuring that the scoring system appeared to be gen-
eralizable across ages, social classes and participating sites,
allowing application across a wide variety of primary care set-
tings.

Nevertheless further research is needed to answer fully the
question of whether or not the performance statistics are suffi-
cient to achieve the ultimate aim of improving the cost-effective-
ness of the screening programme. The acceptability of the levels
of sensitivity and positive predictive value will be determined by
the precise change in management accruing from identification
of risk status. The particular issues which would need to be

Table 3. Performance statistics for the three outcome measures.

Positive 1- negative
Sensitivity Specificity Prevalence predictive value predictive value Risk Attributable

Outcome (%) (95% Cl) (%) (95% Cl) per 1000 per 1000 (95% Cl) per 1000 (95% Cl) ratio risk (per 1000)

Any dyskaryosis 59(50 to 67) 80(78 to 81) 39 106 (80to 120) 20 (15to 26) 5.2 85.4
Moderate or severe
dyskaryosis 73(59to 83) 79(78to 80) 15 51 (36to 68) 5 (3to 9) 9.7 45.7
ClN2or3 75(62to 84) 80(78to 80) 18 64 (48to83) 6 (3to 10) 10.8 58.3

CIN = cervical intraepithelial neoplasia. Cl = confidence interval.
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Figure 1. Receiver operating characteristic charts for the three
outcomes across all possible cut-offpoints on the risk scale.

addressed include the cost implications of alternative manage-
ment strategies and the potentially differing perspectives of the
women, primary care professionals and those involved in the
management of the programme.

In South Glamorgan there is evidence that up to 40% of
women are rescreened at less than a three-year interval,25 and this
is unlikely to be unique in the UK. In these instances, the scoring
system might be used as an educational intervention to demon-
strate the very low risk status of the majority of women and
hence may encourage more appropriate screening behaviour. In
turn, this would enable resources to be targeted more towards
those women in the higher of the two risk categories.

Screening intervals appropriate to risk status could improve
the cost efficiency of the programme, presuming that such rec-
ommendations are reflected in actual screening behaviour and
that the logistic problems of implementation are overcome. This
could be attempted in a number of ways: influencing women's
behaviour directly, influencing those responsible for taking the
smears, altering the call-recall process either at the family health
services authority or laboratory level, or a combination of these
(C Wilkinson, unpublished MD thesis). Any of these approaches
would be complementary to the suggestion that screening be
ceased beyond the age of 50 years for women with a negative
screening history.26

It would be important to ensure that women who fell into the
higher risk category were not unduly frightened by the scoring
system, since their real risk of invasive cervical cancer would
still be very small since the incidence of the disease in the UK is
low.24

Before the scoring system is put into practice, further research
is essential to investigate women's individual perception of their
risk status for cervical abnormalities and their reaction to the
scoring system. The design of a prototype scoring tool is current-
ly underway to allow further field testing of this simple system,
following which a practice-based randomized controlled trial
should be conducted to assess the impact and efficiency of risk-
sensitive screening.
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