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The Cyrus Cylinder, the British Museum, London (1)

―In 539 B.C., Cyrus the Great, the first king of ancient Persia, freed the slaves,
declared that all people had the right to choose their own religion, and established
racial equality. The Cyrus Cylinder; this ancient record, has now been recognized as
the world‘s first charter of human rights‖ (2).
A replica of a Bas-Relief found in Pasargadae, the capital city of Persia, was
made by Lewis Batros, a Sydney Artist, and put up at Sydney's Bicentennial Park, in
October 1994. ―It symbolizes Multiculturalism; a word coined to express the
coexistence and peaceful cohabitation of peoples from different background and
culture in one land‖ (3).
1- Cyrus cylinder. Available at: http://www.britishmuseum.org/explore/highlights/
highlight_ objects /me/c/cyrus_cylinder.aspx
2- A brief history of human rights. Available at: http://www.humanrights.com/what-arehuman-rights/brief-history/cyrus-cylinder.html
3- Cyrus the great. Available at: http://oznet.net/cyrus/cyrus.htm
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Preface
This thesis presented here consists of 6 chapters as follow:

Chapter 1. Introduction
The main purpose of this chapter is to provide a general framework for the current
research based on relevant documents. A brief overview to the relevant references
and basic concepts related to the topic are presented in this chapter followed by the
specific aims of the current work.

Chapter 2. Trends in incidence and of and mortality from cervical cancer in
NSW in relation to Country of Birth
The aim of this chapter was to assess time trends in incidence of and mortality
from cervical cancer in women who migrated to Australia from other countries in
comparison with trends in Australian-born women. Specifically, my objective was to
assess whether there were falls in incidence and mortality in migrant women
following the introduction of organised screening that reflected the fall observed in
the whole population and, more particularly, Australian-born women.

Chapter 3. Participation in recommended cervical screening by Asian and
Middle Eastern migrants in Australia <40 years of age
The objective of this chapter was to evaluate cervical screening in Middle Eastern
and Asian migrant women in Australia, who constitute about 56% of women of nonEnglish speaking background aged 20-69 years and resident in Australia in 2006. To
assess screening participation in migrant women in reproductive age, we linked data
from cohorts of women from the New South Wales (NSW) Midwives Data (MDC)
and Admitted Patients‘ Data (APDC) Collections, which record country of birth, to
cervical screening records in the New South Wales (NSW) Pap Test Register (PTR),
which does not record country of birth.
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Chapter 4. Participation in cervical screening by older Asian and Middle
Eastern migrants in New South Wales, Australia
The aim of this chapter was to evaluate cervical screening in older women born in
Asia or the Middle East and living in New South Wales (NSW), Australia, and to see
whether their screening rates were less, relative to those in the Australian-born
population, than those in younger migrant women. We linked data on women 40 to
64 years of age from the NSW Admitted Patients‘ data collection (APDC), which
records country of birth, to cervical screening records in the New South Wales
(NSW) Pap Test Register (PTR), which does not record country of birth.

Chapter 5. Patterns of Uptake of Liquid-Based Cytology (LBC) in Women in
NSW, Australia
The aims of this chapter were to determine the prevalence of use of LBC in
cervical screening in NSW, to examine patterns of LBC uptake over time, and to
assess the determinants of adjunctive LBC use in NSW women, including age,
socioeconomic disadvantage, accessibility to the primary practitioner, previous
smear results, or the provider‘s preference or training and language background.

Chapter 6. Conclusions
This chapter is a concluding chapter, presenting a summary of the main findings
of each chapter and the conclusions that flow from them. It includes an analysis of
the main strengths and limitations of the thesis. Finally it describes how future
epidemiologic research might be built on these finding and the findings‘ present
implications for public health.
All references are listed at the end of each chapter.
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Abstract
Background and objective: The National Cervical Screening Program in
Australia recommends 2 yearly screening in women 18-20 to 69 years. Since the
introduction of organised screening in Australia in 1991, the incidence and mortality
rates of cervical cancer among women over 20 years of age have fallen remarkably.
However it is not known that this decline has been uniform in all ethnic groups and
whether all women have shared, or are sharing, equally in the benefits of an
organised approach to cervical screening. The aim of this PhD project was to
examine cervical screening and its relationship to country of birth and
socioeconomic status in New South Wales.
Method and materials: I examined cervical cancer screening in NSW by country
of birth and socioeconomic status (SES) using three approaches. First I compared
trends in incidence and mortality of cervical cancer by birthplace before and after
introduction of organised screening program in 1991. Second I examined screening
behaviour in women born in Middle Eastern and Asian countries, for whom cultural
factors may be important in determining participation in cervical screening. Two
linkage studies were done to obtain information on birthplace and cervical screening
behaviour because the Pap Test Register (PTR) in NSW does not collect information
on country of birth. For the first, I linked data from cohorts of women from the New
South Wales (NSW) Midwives Data (MDC) to the PTR and, for the second, I linked
data from cohorts of women from the Admitted Patients‘ Data Collection (APDC) to
the PTR. Third I undertook an analysis of the use of liquid based cytology (LBC) in
cervical screening in NSW women in relation to a number of factors that may
influence the use of this new technology, including SES and % of Non English
Speaking Background as an indicator of country of birth.
Results: Organised cervical screening, introduced from 1991, may have been
effective in reducing the incidence and mortality of the cervical cancer in the whole
population of women 20+ years of age in NSW, although there was only weak
evidence for a fall in mortality in women 50+ years of age. Women born in Asia, the
Middle East and North Africa appeared to have shared in these reductions to a
similar degree to Australian-born women. Women of reproductive age (<40 years)
xiii

born in Asian and Middle-eastern countries were less likely than Australian-born
women to participate in cervical screening at the recommended interval. Their
likelihood of screening also varied less with socioeconomic status, parity and
smoking than it did in Australian-born women. Women >40 years of age born in
Asia, but not those born in the Middle East, had lower screening rates than
Australian born women of this age, and their screening rates were again largely
uninfluenced by SES. In both age groups, the screening rates were least in women
born in South Central Asia. The disparities were less in women selected for study
following an episode of hospital care. Australia‘s cervical screening program is
based on the use of conventional cytology and women must pay for adjunctive LBC.
LBC uptake in NSW is high (~30% of all women screened) but steady. LBC uptake
varies with age in a similar way to screening participation. LBC uptake is most
strongly determined by whether or not it was taken up in the preceding cervical
screen and also depends on the preceding smear result, age, socioeconomic status,
area of residence, proportion of non-English speaking background people in the area
and the type of health practitioner who takes the smear.
Conclusions: Incidence of and mortality from cervical cancer fell after the
introduction of organised cervical screening in NSW. While this fall was shared by
migrant women from Asia and the Middle East, their participation in cervical
screening at the recommended interval is less than that in Australian women. The
disparity in women from South Central Asia is particularly great. Language and
cultural factors are probably the main causes of these differences; SES appears not to
be important. Women‘s contact with the health service for reasons other than
cervical screening may reduce these barriers. Use of adjunctive LBC, while strongly
determined by a range of other factors, including in particular the most recent
cytology result and SES, appeared also to be less in women of non-English speaking
background than in other women in NSW. The persisting disparities in cervical
screening uptake by country of birth in NSW, particularly in women from South
Central Asia, present a challenge to cervical screening services and for research.
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CHAPTER 1

Introduction

1

1.1 Introduction
Cervical cancer is the third most common cancer among women worldwide and a
leading form of cancer in low resource countries, where more than 85% of new cases
occur (1). Traditional risk factors for developing cervical cancer are: early sexual
activity, multiple sexual partnerships, parity, young age at first pregnancy, oral
contraceptive use, smoking, low socioeconomic status, immunosuppressive disease,
and sexually transmitted disease (2). However after the discovery of Human
Papilloma Virus (HPV) as the main risk factor of cervical cancer, the role of other
risk factors was defined in conjunction with HPV (3-5).
The introduction of the Pap smear for cervical screening in the 1950s has been
one of the most successful stories in medical science (6, 7). Since the introduction of
Pap smears, the incidence and mortality of cancer of the cervix has fallen
substantially in developed countries with organised screening programs (8-14).
However cervical cancer has remained a major problem in the developing world in
the absence of screening programs. It has also been reported that cervical cancer
incidence and mortality are higher among disadvantaged groups (ethnically or
socioeconomically) which also have lower cervical screening uptake (15-18).
In this chapter I first present an overview of cervical cancer pathology,
epidemiology and screening. Then I review the existing Australian cervical
screening program in detail. Finally, I present the aims of this thesis.

1.1.1 Cervical cancer: definition and brief anatomy
Cervical cancer is a malignancy of the cells on the outside of the cervix. The
cervix is the lower part of the uterus, basically cylindrical in shape, connected to the
uterine body by the uterine isthmus. Although the size and shape of the cervix varies
by age, parity and hormonal status, in the nullipara it is on average 3 cm in length
and 2.5 cm in width (19). Its upper limit is called the internal orifice or internal os.
(19). The lower part of the cervix which protrudes into the vagina through its
anterior wall is called the portio vaginalis. The external os is the part of the portio
vaginalis which opens into the vagina. The ectocervix is the part of the cervix lying
2

exterior to the external os and the endocervix is the portion adjacent to the external
os (19).
The cervix is covered by two types of epithelium; squamous and columnar
epithelium which meet at the squamocolumnar junction. The transformation zone is
the region of the cervix where the columnar epithelium has been replaced and/or is
being replaced by the new metaplastic squamous epithelium. It is important to
mention that almost all manifestations of cervical carcinogenesis occur in the
transformation zone (19).

1.1.1.1 Pathology of cervical neoplastic lesions
Invasive cervical cancer is subdivided into invasive squamous cancer, which
originates in the squamous epithelium of the ectocervix, and adenocarcinoma, which
originates in the columnar (glandular) epithelium of the endocervical canal. Both
types have similar aetiology in terms of their relationship with HPV infection (19). A
meta analysis including data from 6 case control studies was done to compare risk
factors of adenocarcinoma of the cervix with those for squamous cell carcinoma. The
results showed that many risk factors are similar in the aetiology of the two types of
cervical cancer except smoking (20). The findings of international collaborative
epidemiological studies using data from 12 studies, which included 8097 women
with squamous cell carcinoma of the cervix, 1374 with adenocarcinoma and 26445
controls, confirmed the results of previous studies regarding similarity in the main
risk factors of the two types of cervical cancer, except that smoking was a risk factor
for squamous cell carcinoma only (21).

1.1.1.1.1 Pathology of cervical neoplastic lesions: squamous lesions
Squamous cell neoplasia is the most common type of cervical neoplasia, and it
accounts for more than 90% of all primary neoplasms of the cervix (22). However, in
Australia, it accounts for 80% of all cases.
Different terminologies are used to classify neoplastic lesions of the cervix
histopathologically. Terms used for the precursors of cervical cancer were
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introduced by John William in the late nineteenth century. In 1932, undifferentiated
carcinomatous cells limited to the epithelium were classified as carcinoma in situ
(CIS) by Broders (23). The term dysplasia dates back to the late 1950s and consists
of three categories: mild, moderate and severe dysplasia, introduced by Reagon (24).
In fact, dysplasia defines intermediate categories between normal and CIS. For many
years cervical precancerous lesions were reported as dysplasia and CIS; terms that
are still used in some developing countries (25). However evidence showed that
separation of cervical precancerous lesions in two categories of dysplasia and CIS
could be misleading (26). This is because in some women dysplasia may regress, in
some it persists and in others it progresses to CIS. This led to the introduction of a
new term cervical intraepithelial neoplasia (CIN) in 1968 (27). CIN was divided into
three categories: CIN1 (mild dysplasia), CIN2 (moderate dysplasia), and both severe
dysplasia and CIS classified as CIN3. The pathologic findings such as koilocytic or
condylomatous atypia related to HPV in the 1980s led to the development of further
terminology for CIN: low-grade and high-grade CIN (28). Low-grade CIN
corresponded to koilocytic atypia and CIN1 lesions, and high-grade lesions to CIN2
and CIN3.
The Bethesda System was introduced in the United States in 1989 and revised in
1991 to provide a uniform terminology for cytology classification of cervical
abnormalities (29-31). In this system, cytological results are described as a
combination of clinically similar intraepithelial diagnoses into broad categories,
specifically low-grade and high-grade squamous intraepithelial lesions (Table1.1).
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Table1.1 Common classification of cervical squamous neoplasia (National Cancer
Institute Workshop 1989 (32))
Dysplasia scale
CIN
Bethesda System
Normal
Normal
Normal
Inflammation or reactive atypia

Koilocytotic
atypia

or

condylomatous Low-grade SIL

Mild dysplasia

CIN1

Low-grade SIL

Moderate dysplasia

CIN2

High-grade SIL

Severe dysplasia

CIN3

High-grade SIL

Carcinoma in situ (CIS )

CIN3

High-grade SIL

Invasive carcinoma (IC)

IC

IC

This terminology has been further developed recently to specify diagnostic
processes, including specimen adequacy, general categorization and interpretation of
results (33). In the new terminology, some changes have occurred, including
elimination of "satisfactory but limited by", ―favour reactive" and "favour
neoplasia". Instead of "atypical squamous cells of undetermined significance"
(ASCUS), the new category of "atypical squamous cells" (ASC), has been created
with two subdivisions of (1) ASC of "undetermined significance" (ASC-US) and (2)
"cannot exclude high-grade squamous intraepithelial lesion (HSIL)," or (ASC-H).
Low-grade squamous intraepithelial lesions (LSILs) and HSILs categories have
remained unchanged. The category of "atypical glandular cells" (AGC) has been
created (with attempts to identify whether the origin of the cells is endometrial,
endocervical, or unqualified). "Endocervical adenocarcinoma in situ", and "AGC,
favour neoplastic" which were included as separate AGC categories have been
replaced with ―atypical glandular cells of undetermined significance" (AGUS).
There are other existing and proposed cytology terminologies such as the British
Society for Clinical Cytology (BSCC), Australian Modified Bethesda System
(AMBS) (34), and the European Commission Training Programme (35). The BSCC
published the first terminology for abnormal cytology in 1986. In 2002, the revised
BSCC terminology was proposed (36) which received some later comments (37).
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In 1994, the National Health and Medical Research Council (NHMRC) in
Australia developed the first uniquely modified version of the Bethesda System 1991
(TBS 1991). It was further revised in 2004 to adapt to the Bethesda System 2001 and
known as the ―Australian Modified Bethesda System 2004” (AMBS 2004) (34).
It is important for epidemiologists to distinguish between low-grade and highgrade Squamous Intraepithelial Lesions (SIL) because they reflect different features.
Low-grade SIL is more frequent and can represent benign cytopathologic signs of
HPV infection, while high–grade SIL is not rare and is a premalignant lesion in the
most severe cases. There is no clear cut-off point in the continuum of changes
between low-grade SIL and high-grade SIL. However the Bethesda System is
considered to be the best available classification for epidemiologic studies.

1.1.1.1.2 Pathology of cervical neoplastic lesions: Glandular cervical lesions
Adenocarcinoma of the cervix, which affects the endocervix, is characterised by
heterogeneity and histological diversity, as a combination of several cell types might
occur in the unique tumour. Most invasive adenocarcinomas (45%-90%) consist of
endocervical, mucinous and endometrioid carcinomas (22). Adenocarcinoma of the
cervix has been found in younger women, compared to squamous cell carcinoma,
which older women are more at risk of developing (38).

1.1.2 Descriptive epidemiology of cervical cancer
In 2008, it has been estimated that a total of 529,800 new cases of cervical cancer
globally with 274,000 deaths, ranking this cancer as the third most common cancer
in females around the world (1). The areas of highest incidence are sub-Saharan
Africa, Melanesia, Latin America and the Caribbean, and south-central Asia (see
Figure 1.1).
There has been a significant decline in cervical cancer incidence and mortality
especially in developed countries during the last decades (13). The incidence of
squamous-cell carcinomas of the cervix during the period 1973-1991 was examined
using data provided by population-based cancer registries in different countries.
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Incidence rates had decreased substantially in the US population (except Hispanics),
Australia, New Zealand (non-Maori population), northern and Western Europe
(except Italy and Spain) and Asian populations (except Malay women of Singapore).
In these countries there was the same pattern in time trends in all age groups (25-74
years). In contrast, an increased rate of squamous cell carcinoma of the cervix in
young women had been reported in some countries including Slovakia, Jewish
women born in Israel, the United Kingdom, and in Slovenia (13).
The declining trend of cervical cancer in developed countries can probably be
explained by implementation of screening programs in these countries. Lack of
available data and time series studies in developing countries has been a major
limitation to obtaining a clear picture of cervical cancer in these countries (14).
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Figure 1.1 Distribution of cervical cancer in the world (1)
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Image downloaded from: http://johomaps.com/world/worldblank_bw.html, Data based on Global Cancer Statistics 2008 (1)
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In an updated study, time trends of cervical cancer were compared using data
from Cancer Incidence in Five Continents; volumes IV to VIII (39). Generally, there
was a strong decrease in incidence of cervical cancer in East Asia (Hong Kong
(China), Osaka (Japan) and Shanghai (China)) over time. However in some areas of
Japan the trends were different. For instance in Miyagi (Japan) the Age-Standardized
Rates (ASR) increased slowly after 1987 and then decreased. In Nagasaki, there was
a significant increase in cervical cancer incidence after 1992 that gave the highest
incidence rate during the period 1993-1997. In Shanghai, the ASR decreased sharply
from 1973-1977 to the most recent period (1993-1997) and was lower than for other
areas. In some parts of Europe (like Denmark, Bas-Rhin (France), Sweden and
Varese Province (Italy)), the incidence rates decreased over the period of study. The
ASRs in South Thames (UK) and in the West Midlands (UK) increased from 1973–
1977 to 1983–1987, followed by a decrease after that time. In the USA, there was a
decrease in incidence of cervical cancer over the period of study (39). In recent
decades, rapid changes have also been reported in time trends especially of cervical
adenocarcinoma from developed countries. The ASRs for adenocarcinoma increased
in all European countries between 0.5% for Denmark and ≥3% for Finland (40).

1.1.3 Risk factors for cervical cancer
Epidemiologic studies have provided important information in relation to risk
factors for cervical cancer over time. Many case control studies have focused on
socio-demographic factors, reproductive and marital factors, religion, smoking, oral
contraceptive use and, more recently, HPV infection. Recognition of the main risk
factors for cervical cancer should be identified in the context of HPV infection. In
this section, I first present an overview of HPV infection as the main risk factor of
cervical cancer, and then an overview of whether some selected epidemiologic
studies, with or without consideration of HPV infection, can elucidate different risk
factors for cervical cancer.
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1.1.3.1 HPV infection
HPV infection is the most prevalent sexually transmitted infection in the world. It
is estimated 5.2% of all cancers are related to HPV infection, including cervical,
anal, vaginal, vulvar, penile and oropharyngeal cancers (41, 42). HPV infection is
the main causal factor in cervical cancer, but only certain types of HPV are
responsible for this cancer. The HPV types include high-risk and low-risk types,
depending on associations with cancer of the cervix. Infections with oncogenic types
are very common in young sexually active women, but persistent infection occurs in
only a minority of these women. Hence, cervical cancer can be considered as a rare
consequence of persistent infection with one or more high-risk types. HPV-16 and 18 together are responsible for more than 70% of cervical cancers around the world
(43).

1.1.3.2 HPV genome and taxonomy
Papillomaviruses are a group of double-stranded DNA viruses that infect
epithelial cells. Low risk types, such as HPV-6 and -11, cause benign genital warts
and respiratory papillomatosis, while high risk types such as HPV 16 and 18 cause
cervical cancer (44). Overally, there are approximately 118 types of HPV, of which
30-40 HPV types are the main causes of anogenital infection (44). The anogenital
HPV types are divided into high-risk types and low-risk types based on their
association with cervical cancer. The most common high-risk types are HPV 16, 18,
31, 33, 35, 39, 45, 51, 52, 58, 59, 68, 82, and 26, 53, and 66. Low-risk types include
HPV 6, 11, 40, 42, 43, 44, 54, 61, 72, 81, and CP6108 (44). The taxonomy of HPV
types is shown in Figure 1.2. The HPV genome consists of 6 early (E) proteins and 2
late proteins (Figure1.3).
Two viral proteins E1 and E2 co-operate in DNA replication. E4 and E5 are
required for amplification of the viral genome in the upper layers of the epithelium.
High risk HPVs encode oncoproteins E6 and E7, which perform the main role in
disturbing chromosomal stability and interfere with the mechanism of P53 and PRB
(cellular tumour suppressors). Telomerase activity is also increased by E6. Two
major capsid proteins L1 and L2 are expressed late in the epithelial infection period.
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The long control region (LCR) or upper regulatory region (URR) is essential for
genome replication and gene expression (45, 46).
Figure 1.2 Relationships between HPV types; High-risk types of HPV are indicated
with orange boxes, and low- risk types of HPV are indicated with blue boxes.

Image downloaded from: www.mercmedicus.com/pp/us/hcp/diseasemodules/hpvd
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Figure 1.3 The HPV genome (Image downloaded from www.medscape.com)

1.1.3.3 Natural history of HPV
HPV infection is a self-limited infection in more than 90% of cases due to
activation of a cellular immune response. However persistent infection can be
observed in 10% of cases, leading to progression to invasive cancer (47). Generally,
acute HPV infection with viral replication is divided into two outcomes: subclinical
and clinical. In the subclinical category, in most cases (90%) following infection, the
cellular immune system is activated to clear viral infection which leads to resolution
of the infection without any symptoms. However, some HPV infections are
suppressed, but their genomes are maintained in a long-term latent state, which can
activate later in the presence of immuno-suppression and become clinically evident
(48).
HPV infection can lead to clinically evident infection within 3-6 months after
initial infection in the presence of inadequate host immunity response (49). The
clinically evident category is divided into genital warts and low-grade lesions, which
are known as cervical intraepithelial neoplasia (CIN) grade I or as low-grade
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squamous intraepithelial lesions (LSIL). Most genital warts (>90%) are caused by
low-risk HPV types. The most common low-risk HPV types, types 6 and 11, account
for ~25% of low grade abnormalities (LSIL); approximately 75% of LSIL are caused
by high-risk HPV types. In more than 85% of HPV infected cases in this stage
(genital warts or low-grade lesions), viral clearance and abnormality regression
occur. However around 10-20% of patients can progress to high-grade lesions
(HSIL) in the presence of persistent HPV infection and accompanying other
cofactors such as smoking, long-term oral contraceptive use, other sexually
transmitted infections, host immuno-genetics, HPV type and HPV variants. Highgrade lesions may progress to invasive carcinoma without treatment (50, 51).

1.1.3.4 Evidence that HPV causes cervical cancer
In 1842, Rigoni-Stern proposed a relationship between cervical cancer and sexual
contacts. He found that cervical cancer is more frequent among married, widowed
and prostitute women but rarely presents in virgins and nuns (Cited in reference
(52)). The link between HPV and cervical cancer was ultimately confirmed by Zur
Hausen et al in the 1980s (53).
Epidemiologic studies also showed this evidence. Hill and Adelstein (54) found
an increased mortality in women who were born around 1920 and were young during
the second world war, a time of altering sexual mores and excess risk of exposure to
sexually transmitted infections. Beral in 1974 suggested the association between
exposure to sexually transmitted infections and cervical cancer mortality based on
mortality trends analysis in relation to the sexually transmitted infection incidence
(55). The higher mortality of cervical cancer in young women also reported by
studies conducted in Australia and New Zealand (56, 57) Research was continued
and provided more evidence to support this association in the 1980s and 1990s. In
1995, the International Agency for Research on Cancer (IARC) concluded that there
was a causal relationship between HPV infection and cervical cancer (58), which
was further confirmed by a World Health Organization (WHO) expert consensus
meeting in 1998 (59).
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Results of an updated meta analysis showed the prevalence of specific HPV types
in invasive cervical cancer (43). A total of 14,595 cases from 130 studies around the
world constituted this study. Overall HPV prevalence in cancer cases was 87%,
ranging from 86% in Europe and North America to 94% in Africa (Table1.2). The
most common HPV type in cancer cases from different areas of the world was type
16 (ranging from 52% in Asia to 58% in Europe), and the second most prevalent
type was 18 (ranging from 13% in South/Central America to 22% in North
America). The total prevalence of HPV 16/18 was 70%, ranging from 65% in South
and Central America to 76% in North America. The next most prevalent types in
invasive cervical cancers were also similar in different continents, including HPV
31, 33, 35, 45, 52 and 58 (with the exception of Europe, where the eighth most
common type was 56 instead 52). HPV types 58 and 56 were more common in
cancer cases in Asia with 5.6% and 3.8% respectively. Other types of HPV were
considered around 2% of cases in all studies (Table1.2).
Table1.2 Meta analysis of studies of prevalence of HPV detection in invasive cervical
cancer and HSIL (43).
Invasive cervical
HSIL
cancer
Continent
No.
No.
% HPV
No.
No.
% HPV
studies
cases
positive
studies
cases positive
13
1339
94
5
296
85
Africa
Asia

51

5652

86

22

1364

78

Europe

41

4373

86

37

3494

88

North America

13

1354

86

10

1059

86

Oceania

5

450

1

48

South/Central
America

13

1427

91

11

833

85

Total

130

14595

87

85

7094

85

In the same meta analysis (43), the prevalence of HPV type in high-grade
squamous intraepithelial lesions (HSIL) in 85 studies from 5 continents was
assessed. The total prevalence of HPV in HSIL (7,094 HSIL cases) was 85%,
varying from 78% in Asia to 88% in Europe. HPV16/18 prevalence in all cases was
52%. The most common type of HPV was 16 in HSIL cases from all continents,
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ranging from 34% in Asia to 52% in Europe. Other types of HPV, except HPV 45,
were similar to cervical cancer cases (Table1.2).
In a further meta analysis study, 8,308 low-grade squamous intraepithelial lesions
(LSIL) from 55 published studies around the world were assessed to determine HPV
genotypes by area in women with LSIL compared to published studies on cervical
squamous cell carcinoma (SCC) (60). The prevalence of HPV was 80% in North
America and less than 70% in other areas. Among HPV positive LSIL cases (5,910),
HPV 16 was the most prevalent type in LSIL with 26.3% followed by HPV 31 with
11.5%, HPV 51 with 10.6% and HPV 53 with 10.2% (Table1.3). However the
interpretation of these results should be with caution since the age group might be
different among studies; and rates of HPV infection in LSIL are known to vary with
age.
Table1.3 Meta analysis of studies of prevalence of HPV detection in LSIL (60)
Region
No.
Countries represented
No.
HPV positive
studies
cases
No (%)
21
Belgium, Croatia
4,051
2,746 (67.8)
Europe
Czech Republic,
France, Germany,
Greece, Holland,
Italy, Portugal,
Sweden, United Kingdom
North America

13

Canada, United States

2,425

1,943 (80.1)

South/Central
America

13

Argentina, Brazil, Colombia,
Costa Rica ,Honduras, Jamaica,
Mexico, Paraguay

1,279

874 (68.3)

Africa

4

Ivory Coast, Kenya Nigeria,
Senegal

301

178 (59.1)

Asia

4

China, Korea, Thailand 252

252

169 (67.1)

Total

55

8,308

5,910 (71.1)

The prevalence of HPV infection is much less in women with normal cytology
than in women with HSIL and invasive cervical cancer. In a pooled analysis of the
IARC HPV prevalence surveys in different regions of the world, 15617 women aged
15-74 with normal cytology were included (61). Age-standardised HPV prevalence
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ranged from 1.4% (95% CI 0.5-2.2) in Spain to 25.6% (22.4-28.8) in Nigeria. In a
meta analysis including 78 studies with 157,879 women with normal cytology, the
worldwide-adjusted prevalence of HPV was 10.4% (95%CI 10.2%-10.7%) (62). The
highest HPV prevalence rate is for East Africa with 31.6%, followed by Central
America and Mexico with 20.4%. The lowest prevalence registered in Southeast
Asia with 6.2%. The highest prevalence rates of HPV were in women under 35 in
different areas of the world, but in some world regions including Africa, the
Americas, and Europe another prevalence peak was recorded among older women
(above 45). An update meta analysis examined a total of 194 studies published
during 1995-2009 comprising 1,016,719 women with normal cytology (63). There
was heterogeneity in HPV prevalence with a global estimation of 11.7% with the
highest prevalence in Sub-Saharan Africa (24.0%), Eastern Europe (21.4%), and
Latin America (16.1%). HPV types 16, 18, 31, 52, and 58 were the most common
HPV types.

1.1.3.5 The role of other risk factors
Prior to the recognition of HPV as the major risk factor of cervical cancer,
mediating the effects of sexual behaviour related factors, research found some other
factors related to an increased risk of cervical cancer such as parity, oral
contraceptives, smoking. However, with the discovery of HPV, research was centred
to identify the role of these factors in context of HPV. In this part the role of other
risk factors are described in conjunction to HPV. Some of these factors contribute to
acquisition of HPV while others play a role as cofactors. In this regards, there could
be two categories: 1) risk factors for HPV infection and persistence, and 2) cofactors
in HPV carcinogenesis.

1.1.3.5.1 Risk factors for HPV infection and persistence
Research before the recognition of the role of HPV demonstrated the role of
sexual activity as a risk factor for cervical cancer (64-66). Early age at sexual debut
is associated with an increased risk of cervical cancer. The evidence based on
different case control studies has indicated the risk is doubled or more among
women who start sexual activity before age 16 compared to women who become
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sexually active later (20, 67-69). An increased number of sexual partners are also
associated with an increased risk of cervical cancer. Several case control studies
found an increased risk of cancer of the cervix in women who had multiple partners
(65-67, 69).
Age at first sexual intercourse, number of sexual partners, sexual behaviour of the
partner, concurrent sexual partnerships and concomitant infection with other sexual
transmitted infections are related to acquisition of HPV infection (69-72).

1.1.3.5.2 Cofactors in HPV carcinogenesis
Initial case–control studies before the discovery of HPV, indicated that early age
at marriage and first full term pregnancy increased the risk of cervical cancer (73).
Parity has been known as one of the main risk factors for cervical cancer for many
years. In a case control study with 418 cervical cancer cases (squamous cell
carcinoma) and 704 population control cases, excess risk of cervical cancer was
found in women who were multiparous, even after adjustment for sexual behaviour
(67). The results of a case control study in Latin America showed that high parity is
associated with an increased risk of cervical cancer. Women who had given birth to
14 children had an increased risk of a factor of 5.1 (95% CI 2.7-9.7).
After consideration of HPV 16 and 18 infection, this significant correlation
between parity and cervical cancer remained strong (74). Parity is known as a main
cofactor in HPV carcinogenesis (3). In a pooled analysis using data from 8 case
control studies in an IARC multicentre study in which only HPV-positive women
were assessed, the risk of cervical cancer increased by a factor of 2.3 (95% CI 1.63.2) for women with 7 or more children compared to women who had one or two
full-term pregnancies and a factor of 3.8 (95% CI 2.7-5.5) compared to nulliparous
women (75). The findings of a study which compared the risk factors of squamous
cell carcinoma of the cervix with adenocarcinoma using data from several case
control studies showed that high parity is one of the main risk factors for both types
of cervical cancer but in this study the influence of HPV infection is not clear (20).
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The role of parity in the pathogenesis of cervical cancer has been explained by
two mechanisms. Firstly, parity increases the exposure of the transformation zone to
external agents (76). Secondly, immune responses to HPV are reduced during
pregnancy (77). However recent data have provided a different scenario. Parity
might be involved in disease progression rather than a relationship with HPV
infection prevalence. Results from the international collaboration of epidemiological
studies of cervical cancer evaluating 16,563 women with cervical carcinoma and
33,542 cases without cancer of the cervix confirmed that HPV positivity is not
related to multiple full-term pregnancies (78). In another IARC collaborative study,
data from 14 population samples with a total of 15,145 women who had the HPV
test, parity was not associated with HPV positivity. The role of parity might be
explained by its effect on progression from HPV infection to cancer (79).
An initial case-control studies in 1990s found that long term use of oral
contraceptives (OC) is associated with an increased risk of cervical cancer (68, 80).
Another study found that the association might be stronger for adenocarcinoma than
for SCC (69). A large study by the WHO showed that long-term use of

OC

increased risk of cervical cancer; women who had used OC for 8 years or more were
2.2 times more likely to develop cervical cancer (81). In the IARC multicentre study,
using information from 8 case control studies, the role of OC was assessed among
women who had a positive HPV test. The findings of this study confirmed that long
term use of OC increased the risk of invasive cancer of the cervix (OR 2.82 95% CI
1.46-5.42) for 5-9 years OC use and OR= 4.03 (95% CI 2.09-8.02) for more than 10
years OC use) (75). In a systematic review, the role of OC in cervical cancer was
assessed using findings of 28 eligible studies including 12,531 women with cervical
cancer (82). The final relative risks for OC users regarding duration of use of less
than 5 years, 5-9 years, and 10 or more years were 1.1 (95% CI 1.1-1.2), 1.6 (1.41.7), and 2.2 (1.9-2.4) respectively for all women; and 0.9 (0.7-1.2), 1.3 (1.0-1.9),
and 2.5 (1.6-3.9) respectively for HPV positive women. The results from 24
epidemiologic studies using individual data from 16,573 women with cervical cancer
and 35,509 without cervical cancer suggested that the incidence of cervical cancer
increased with use of OC for more than 5 years (83). However recent studies have
suggested that OC use is not an independent risk factor for HPV positivity or
intermediate precursors of cervical cancer (84). In an updated IARC study, data
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from 14 populations around the world encompassing 15,145 women aged 15 and
older who had HPV test results was reanalysed. HPV positivity was not associated
with using oral contraceptives for ≥ 10 years compared to never users (79). Thus, the
mechanism of OC in the development of cervical cancer is still unclear.
Smoking has been demonstrated as another risk factor for cervical cancer. Early
studies assessed the role of smoking without consideration of HPV infection. For
example, a cohort study conducted among 6,812 women in Norway between 1980
and 1989 examined the association of smoking and cervical cancer (85). The results
showed a significant relationship between smoking and CINII and cancer of cervix.
Consequently, further studies considered smoking in relation to HPV. Smoking
influences HPV acquisition, persistence and disease progression. The International
Collaboration of Epidemiological Studies of Cervical Cancer conducted a combined
study using information from 23 worldwide studies with a total population of 13,541
women. The risk of squamous cell carcinoma increased by a factor of 1.60 (95% CI
1.48-1.73 p<0.001) for current smokers, but adenocarcinoma was not smoking
related. In 8 studies in which HPV test results were reported, HPV positive women
who were current smokers had a significantly higher risk of squamous cell
carcinoma (RR 1.95 95% CI 1.43-2.65). The number of cigarettes smoked was
significantly correlated with increased risk of squamous cell carcinoma among
current smokers (86). In 2003 the IARC published an article concerning the
association of smoking and cervical cancer using pooled analysis of 10 similar case
control studies, including 8 studies of invasive carcinoma and 2 studies of carcinoma
in situ. A total of 1,431 squamous cell carcinomas, 211 CIS and 124 adenocarcinoma
cases who were HPV positive were analysed. The risk of SCC increased among
current smokers (OR 2.3 95% CI 1.31-4.04) but there was no effect on
adenocarcinoma (87).
In another study by the IARC, 10 different studies with 10,577 women aged 15
and older from various regions of the world were pooled to assess the role of
smoking in relation to HPV infection. The results showed an increased risk of HPV
positivity among current smokers. Smoking had a significant association with HPV
positivity and odds ratios (ORs) for HPV positivity increased with the number of
cigarettes per day from OR=1.21 (95% CI 0.95-1.54) for <5 cigarettes per day to
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OR=2.01 (95% CI 1.32-3.08) for ≥ 15 cigarettes per day (88). In a recent study, the
independent role of smoking was examined using linkage data, with information for
1 million samples extracted from five large Nordic serum banks linked with cancer
registries (1973-2003) (89). Serum samples of 588 invasive cervical cancers and
2861 controls were evaluated to find biomarkers of tobacco and HPV 16 and 18
antibodies. The findings demonstrated that heavy smokers had a significant risk of
squamous cell carcinoma after adjustment for HPV positivity (OR 3.2 95% CI 2.64.0). This study found an independent role of smoking in the development of SCC.
Different mechanisms have been proposed for how smoking affects cervical cancer.
There is evidence that HPV clearance is decreased in smokers (90). A study
examined the possibility of certain pathogenetic features of smoking-related cervical
cancer with other tobacco-associated malignancies based on evidence that showed
cigarette smoke constituents, such as nicotine, cotinine, benzo (a) pyrene, and 4-(Nmethyl-N-nitrosamino)-1-(3-pyridyl)-1-butanone concentrate in the cervical mucus
(91). It has been suggested that there was a significant reduction for fragile histidine
triad (FHIT) (a tumour suppressor gene which is altered in 80% of tobaccoassociated lung cancer) gene expression homozygous deletions (HD) and/or
hemizygous deletions (HemiD), as well as microsatellite alterations (MA) at the
FHIT/FRA3B locus in cervical cancer smokers compared to non-smoker cases.
There is a suggestion that smoking also impairs immune responses to the HPV
infection (92).
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1.2 Cervical Screening
1.2.1 History
The Papanicolaou test (also called Pap smear, Pap test, cervical smear, or smear
test) was introduced by Georgios Papanicolaou in 1943 as a medical screening
procedure (6, 7) (Figure 1.4).
Figure 1.4 Georgios Papanicolaou (6)

Subsequently, screening programs were established in different parts of the world.
In the mid-1980s, evidence confirmed that the Pap smear was an effective prevention
method for cervical cancer. In 1986, the IARC published a report based on evidence
from various populations and concluded that 5 yearly screening of all women could
lower the incidence of cervical cancer by about 80% and 3 yearly screening by 91%.
Recently the IARC revised its 1986 report on screening for cancer of the uterine
cervix (93). This updated report indicated that there is strong evidence supporting the
effectiveness of the screening program by conventional cytology in decreasing
cancer of the cervix by 80% in women aged 35-64 years.
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1.2.2 The objective of screening
Although the Pap test is known as the first and main cervical screening test in
many developed countries, there are a number of alternative tests which currently are
widely used in developed countries or being trialled in low resource countries. In this
part, I present an overview of currently available cervical screening tests and briefly
describe performance and characteristics of the screening tests; discussing to what
extent each of these tests could be appropriate for use in low income countries.
In spite of the success in preventing cancer of the cervix by the Pap test, false
negative results have remained a concern (94). This has led to the promotion of new
techniques of screening. Some of these new technologies include liquid based/thin
layer preparation (for example, Thin Prep: CYTYC Corp., Boxborough, MA, USA).
In liquid based cytology (LBC), cervical cell samples are collected using a spatula
and transfer into a vial containing preservative fluid. Liquid based cytology, as an
alternative to conventional cytology (CC) screening, has been welcomed to deal with
the problems of specimen adequacy in detection of cervical abnormalities (95, 96).
They provide high-quality smears with improved cell transfer from the collection
device, but the potentially higher cost and increased rate of detection of low grade
lesions are considered as the main limitations of these techniques. Computer assisted
screening (Auto Cyte Screen) partially automates interpretation of Pap test results,
and has potential to increase cytotechnologist productivity.
Several studies have been done to compare the performance of LBC and CC and
their conclusions favoured LBC for the detection of cervical intraepithelial neoplasia
(CIN) and for decreasing unsatisfactory results and slide processing time (97-105).
However, there has been controversy about the superiority of liquid-based cytology
over conventional cytology when accuracy of tests was considered for biopsyconfirmed CIN (106-108). Although the need for fewer repeat smears and fewer
unsatisfactory smears can be considered as benefits of LBC, its sensitivity and
specificity in detection of high grade cervical intraepithelial neoplasia has been
assessed in a recent systematic review (107) (Table1.4). This study concluded that
LBC was not more accurate than CC in the detection of high-grade abnormalities.
The results of a recent randomised controlled trial (RCT) from Holland demonstrated
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that the main advantage of LBC over CC is fewer unsatisfactory smears and the need
for repeat smears. However, LBC is neither more sensitive nor more specific in the
detection of cervical abnormalities (109).
Table1.4 Pooled Absolute Sensitivity, Specificity of LBC and CC (107)
Sensitivity
Specificity
Type of test
(95% CI)
(95% CI)
Conventional Cytology
HSIL+
55 (46-65)
97 (96-98)
LSIL+
76 (67-83)
81 (72-88)
ASC-US+
88 (80-93)
71 (58-82)
Liquid-based Cytology
HSIL+
LSIL+
ASC-US+

57 (46-67)
79 (70-86)
90 (83-95)

97(94-99)
79 (70-86)
65 (50-77)

CI, confidence interval; HSIL+, high-grade squamous intraepithelial lesion or worse; LSIL+,
low-grade squamous intraepithelial lesion or worse; ASC-US+, atypical squamous lesion of
undetermined significance or worse.

HPV testing (usually used for triage of patients with ASCUS or low-grade
lesions) can detect high-risk HPV types. The results of recently published metaanalysis and systematic reviews showed that HPV DNA test is very sensitive test and
beneficial in the triage of equivocal smears and low grade smears in older women
and in post treatment follow up of women with CIN. However still there are some
issues in applying this test as a primary test for cervical screening (110). For
example: anxiety and concerns about the sexual relationship because it is a sexually
transmitted infection, unnecessary colposcopy and possible over-treatment due to
high sensitivity of the test.
Cervical screening programs requiring three clinical visits are the current standard
practice of cervical cancer prevention in high resource settings: the first for
screening, the second for guided biopsy for women with abnormal test results
colposcopically and the third for treatment of precancerous lesions, if found. Single
cytological screenings are not recommended because of insensitivity and low
reassurance regarding the risk of cancer. Effectiveness of the program is achievable
with repeated three-visit cycles, but such repeated testing is usually unachievable in
low-resource areas (111). Therefore cost, implementation challenges, difficulties in
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proper screening and follow-up of abnormal cases in developing countries are the
main barriers in developing and maintaining cervical screening in these regions.
The alternative tests for low resource settings are: visual inspection methods
including visual inspection with acetic acid (VIA) or direct visual inspection (DVI),
visual inspection with acetic acid with magnification (VIAM), visual inspection with
Lugol‘s iodine (VILI) and colposcopy. Additionally, a lower-cost

rapid-throughput

HPV technology is being evaluated for low resource settings (112).

1.2.3 Cervical screening policies and practice
Cervical screening is in the operation in one of two ways in many countries:
opportunistic or organised. The IARC recommends a 3 yearly screening interval for
women aged 25-49 and 5 yearly intervals for women aged 50-64 years (113).
Although cervical cancer screening as a strong tool of prevention has been accepted
by most experts, the screening interval has been debated in recent years. Some
experts suggested that 3-yearly screening is effective to control cervical cancer, but
others argue that 5-yearly screening is more appropriate and practical. Currently,
screening programs are being implemented at different intervals around the world.
Most countries with national policies recommend a three-year interval between Pap
smears.
Finland is one of those countries in which a 5 year screening interval has led to a
70-80% reduction in squamous cervical cancer incidence as a result of a high
screening coverage (114). The American Cancer Society‘s guidelines recommend
annual screening after sexual debut in women aged 21 years and more and 2-3 yearly
for women ≥30 with a history of 3 negative smears (115). However, depending on
the test, different intervals are recommended. In Australia, organised cervical
screening is operating based on a 2 year interval, which is more frequent relative to
other developed countries with effective programs (116). There is a debate around
moving from 2 yearly screening to 3 yearly screening in Australia especially in
context of HPV vaccination which started in 2007. Recent evaluations have found
that a move to a 3 yearly screening interval is safe and that 2 yearly and 3 yearly
intervals have similar effectiveness (117, 118).
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1.2.3.1 Cervical screening in developed countries
Almost all developed countries have provided a basic program for delivery of
cervical screening, either in an opportunistic way or as an organized program.
However, policies and their components are different in each country. Table1.5
provides brief information on current policies in different countries or regions in the
developed world.
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Table1.5 Description of cervical screening policies in selected developed countries
Country
Target age
group
United
Kingdom
20-64
Europe (organised) (119)

Interval
3 and 5

Ireland

25 - 60

3 and 5

Sweden

23-60

3 and 5

Netherlands

30-60

Finland

Start year
1988

Description
England: Aged 25-49 3-yearly, 50-64 5yearly, Scotland 3 yearly 20-60, Wales 3yearly 20-64
3-yearly 20-44 then 5 yearly
3-yearly 23-50 then 5 yearly, since 1999
target age group 23-60

5

1967–1973
(Gothenburg)
1977
1980

30- 60

5

1963

Since 1993 target age group 30-60 years,
before 1993 it was 25-65 years

Denmark

23-65

3 and 5

1967

3-yearly 23-50 then 5 yearly

Norway

20-69

3

1995

1992: pilot, 1959-1977 in one county

Hungary

25-65

3

1997 (pilot)

Program introduced in 2003, 3-yearly after
one negative smear

Estonia

30-59

5

Slovenia

20-64

3

(1955)2003

1955: opportunistic

Italy

25-64

3

1982 /1996

Nationwide, 1996(organised)
(Florence), other counties (1990s)

Romania, Serbia

25-65

5

2006 Romania)
2009 (Serbia)
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Since 1996 age group 30-60

National roll-out ongoing

Table 1.5 Continued
Country
Europe (opportunistic)(119)

United States of America
(Opportunistic)

Belgium, France, Portugal, Romania
Czech Republic

Target age
group

Interval

Start year Description

24/25-64/65
25-69

3
1

Not known
1966

Germany, Greece, Austria, Slovak
Republic

>18/20

1

Not known

Lithuania

30-60

3

2001

Luxembourg

15+

1

Not known

Turkey

18+

1

American Cancer Society (115)

21

Annually, 23yearly for
women ≥30
with a history
of 3 negative
smears

American College of Obstetricians and
Gynaecologists (120)

21

2 yearly 2129, 2-3yearly
for women
≥30 with a
history of 3
negative
smears

21 regardless of age of sexual debut, not
recommended before 21

US Preventive Services Task Force

21

At least 3

Within 3 years of sexual debut or 21

(121)

yearly

27

1991

Germany; Saarland (1971)

About 3 years after sexual debut, in
women 21 years and over

whichever comes first

Table 1.5 Continued
Country
Canada (Partially organised) British Columbia
(122)

Target group
All women-69

Interval
Biennial

Start year Description
1960

All women if ever sexually active,
Biennial after 3x normal for women who
start screening annually and if high risk,
Partially organised program

Nova Scotia
Manitoba
Alberta, Ontario

Saskatchewan,

All women, or 21-

Biennial

1991

Partially organised program

75
18-69

Biennial

1999

Partially organised program

18/20-69

Biennial

2000

Partially organised program
Annual screening in Alberta

18/69

3yearly

2003

Organised
Triennial after 3x normal for women who

Newfoundland and Labrador

Australia (Organised) (123)

All women

Annual

2003

18/20-69

2yearly

1991

start screening annually and if high risk
Partially organised program

Opportunistic 1970s, 1980s, Start age
age:18 (or two years after first sexual
intercourse, whichever is later)
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Table 1.5 Continued
Country

Target age

Interval

Start year Description

group
New Zealand (Organised)
(124)
Japan (organised) (125)

Korea (organised) (126)

20-69

3yearly

1990

not recommended for younger 20, even if
a woman has had sex

30+, from 2003

Annual, from

20+

2003
2yearly

30+

2yearly

1983

first established in Miyagi Prefecture in
early 1960s, Nationwide 1983

1999

In 1988, the practice of population based
cervical cancer screening began; the
nationwide was introduced in 1999.

Taiwan (organised) (127)

30+

Annual

1995

It was available from early 1970s,
organised 1995

2004

Singapore (organised) (128)

29

Opportunistic from 1964, organised from
2004

1.2.3.2 Examples of screening programs in developing countries
Cytology-based cervical screening programmes have been commenced in some
developing countries, particularly in South and Central America. However, generally,
screening programs for cervical cancer in developing countries over recent decades
have not been successful (129). In this section some examples of the performance of
cervical cancer screening programs in low-resource settings such as Asia, Africa, and
Latin America are briefly reviewed for reorganizing existing programmes.

1.2.3.2.1 South and Central America
Since the 1970s, cytology-based cervical screening programs commenced nationally
or regionally in selected Latin American countries. However screening policies differ
widely between countries. The target age group is 15-69 with variability in both start
age (15-35) and cessation age (49-69). The programs are mostly based on conventional
cytology offered every three years after two negative annual Pap smears (130).
In Chile, the cervical cancer screening program has been in operation since the 1960s
and an organised program was reorganized in the early 1990s, targeting women aged
25-64 years every three years using conventional cytology. Since the 1970s, the
Colombian National League against Cancer (a part of the public health system) and
private organizations such as PROFAMILIA have been offering cytology screening. In
1990, a 5-year nationwide cytology-based cervical cancer program was introduced,
mandating the screening of women aged 25-69 years every three years. In Costa Rica,
national cytology services have been available to women aged 15 years every two years
since 1970. However, coverage has varied considerably by region, with inadequate
coverage of rural areas (130). In Cuba, a cervical cytology screening program has been
available since 1968, offering smears to women aged more than 20 years every 3 years
(130). A national cervical cancer screening program was introduced in Mexico in 1974
offering 3 yearly smear tests to women aged 25–65 years after two negative annual
smears (1-1-3 interval). The coverage varies widely at the national level and is less than
30% for women in rural areas (130). In Brazil, the national cervical screening program
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was initiated in 1998, offering a free of charge cytology smear to women aged 25-59
years based on a 1-1-3 interval (130).

1.2.3.2.2 South Asia
There are no organized or high-level opportunistic screening programmes in India for
cervical cancer in any of the provincial states, despite the fact that one-fifth of the
world‘s burden of cervical cancer occurs in India. There are several research programs
examining other screening approaches such as VIA, VIAM, and VILI, as well as HPV
testing as alternative screening approaches (131). The results of 6 studies conducted in
this matter in India were included in a pooled analysis study by Arbyn et al 2008 (132).
The results of a randomised trial of cervical cytology and HPV testing versus controls
have recently been reported in India (133, 134).
In study by Sankaranarayanan et al (133), a total of 142,701 women aged 30-59
years in Osmanabad District, India, were randomized to be screened with either VIA,
cytology or HPV testing or be a control group. Test positivity rates were 14.0% for
VIA, 7.0% for cytology and 10.3% for HPV. There was no difference in the detection
rate of high-grade lesions between all intervention arms (0.7% for VIA, 1.0% for
cytology and 0.9% for HPV testing), while the detection rate for VIA dropped to 0.5%
with declining test positivity during the course of the study, it remained constant for
cytology and HPV testing (133). In another cluster-randomized trial in riral area of
India, Sankaranarayanan et al found that in a low-resource setting, a single round of
HPV testing was associated with a significant reduction in the numbers of advanced
cervical cancers and deaths from cervical cancer . In their study a total of 131,746
healthy women between the ages 30-59 years, were randomly assigned to undergo
screening by HPV testing (34,126 women), cytologic testing (32,058), or VIA (34,074)
or to receive standard care (31,488, control group). In the HPV-testing group, cervical
cancer was diagnosed in 127 subjects (of whom 39 had stage II or higher), as compared
with 118 subjects (of whom 82 had advanced disease) in the control group (hazard ratio
for the detection of advanced cancer in the HPV-testing group, 0.47; 95% CI=0.320.69). There were 34 deaths from cancer in the HPV-testing group, as compared with 64
in the control group (hazard ratio, 0.52; 95% CI=0.33-0.83). No significant reductions

31

in the numbers of advanced cancers or deaths were observed in the cytologic-testing
group or in the VIA group compared to the control group.
In Sri Lanka, Well Women Clinics were established with the aid of United Nations
Population Fund by the Ministry of Health to perform cervical screening either with the
visual inspection method or Pap smear. Results of a study aiming to evaluate the
coverage of cervical screening in Kalutara District, which is the first established Well
Women Clinic in Sri Lanka, showed a low coverage of 2.2% among women 40-60
years of age over the 5 years of operation of cervical screening (135).

1.2.3.2.3 Other parts of Asia
In Thailand there is not an organised cervical screening and it has been provided on
demand to women. In 2002, 5 yearly screening for women aged 35-60 was proposed by
the Department of Medical Services of the Ministry of Public Health. However, the
current program is not effective and coverage is low. The effective method for cervical
screening is Pap smear; however a see-and-treat approach following VIA is also costeffective. In order to increase coverage in rural settings, two methods: a self-sampling
Kit as alternative to the cytology-based screening, and mobile unit have been evaluated
to be safe and effective in rural areas (136). In the last decade, several studies in
different provinces of China were conducted to evaluate the accuracy of cytology and
non cytology-based screening tests. Here some examples of previous research is
presented, for example; in a study in 2007 (137) several screening tests including
HPVDNA test, liquid based thin prep cytology test (TCT), VIA, VILI, and colposcopy
were examined, and researcher found that sensitivity of HPVDNA is higher than other
tests. Li et al (138) evaluated different cervical screening tests as alternative to Pap test
and found that the performance of LBC and Hybrid Capture 2 (HC2) is better
performance of VIA in detection of CIN2+ particularly in older women, and digital
colposcopy has also poor performance in detection CIN2+ but it performs much better
than VIA. A pooled analysis of accuracy of different tests based on 17 Chinese studies
was conducted by Zhao et al (139). They reported that HPV test is more sensitive in
detection of CIN2+ and CIN3+ but its specificity is lower than VIA and LBC. However,
their study received comments by Arbyn et al (140) which demonstrated that because of
insufficient number of studies, including only cross sectional studies, restricted
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verification to only positive women in at least in one screening test, the finding of this
study cannot provide sufficient evidence to support HPV-based screening.

1.2.3.2.4 The Middle East

Middle Eastern countries are far from having organised cervical screening.
According to available data, it is offered opportunistically or on demand. In this part
some examples of cervical screening practice in Middle Eastern countries are presented.
In Turkey, cervical screening is offered by gynaecology and obstetrics clinics of
University Hospitals and State Hospitals as a part of gynaecological examinations or in
private gynaecology clinics with extra cost. In the South-eastern region only 8% of
women had antenatal care in their last pregnancy (141). Ceylan et al (142) found that
integration of cervical screening into a family planning service could be successful to a
reach high risk women. In Iran, cervical screening was initiated in 1974 (143), and it is
offered by gynaecologists and obstetricians as well as in primary care as a part of family
planning services. However, it is not organised and women at higher risk may be less
likely to be screened. Research also showed a higher incidence rate of cervical invasive
cancers than pre-invasive lesions, indicating that screening for pre-invasive lesions in
Iran is not efficient (144) .
Studies in other Middle Eastern countries showed low uptake of cervical screening:
in Pakistan only 2.6% of survey participants had ever received screening (145); in
Lebanon only 35% of women aged 18-65 years had ever had a Pap test(146); in Jordan,
it was found 85.7% of women never had Pap test(147) and in Kuwait only 23.8% of
women had a Pap test in the last three years(148).

1.2.3.2.5 Africa
There are no organized or opportunistic screening programmes for cervical screening
in most African countries, particularly in sub-Saharan African countries which have
neither the financial nor the workforce resources needed, or the capacity in their health
services to organize and sustain any type of screening program. South Africa in the
most well-resourced country in this region and cytology smears are provided on demand
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in antenatal, postnatal, gynaecology, and family planning clinics in South Africa. Work
to develop a cervical screening policy for South Africa, based on the models of natural
history, has been ongoing for some time. The Cervical Health Implementation Project
was conducted in early 2000s in three districts in South Africa and aimed to develop
and evaluate health system interventions for improving public sector cervical screening
services. (149) However lack of a functional health system is the main barrier towards
successful cervical screening in South Africa (150).

1.2.3.2.5 Barriers to cervical screening in Asian and Middle Eastern Countries
There are some reasons that may explain why women in Asian and Middle Eastern
countries are less likely to have a Pap smear. In this part some examples of studies
addressing this issue are presented.
In India most common reasons for non-attendance were reluctance to go for medical
test in the absence of any symptoms and apprehension to have a test that detects cancer.
Second major group of responders comprised of women who were willing, yet could
not attend due to various hurdles. Most common hurdles were inability to leave
household chores, pre-occupation with family problems and lack of approval from
husbands (151). In Malaysia, lack of knowledge about the susceptibility of cervical
cancer and the necessity for cervical cancer screening and poor communication by
healthcare providers are factors that may have contributed to women‘s non-attendance
at Pap smear screenings (152).Studies in Middle Eastern countries found that lack of
knowledge about the need for cervical cancer screening, preference for a female smear
taker (145, 153), belief that it might be painful, followed by embarrassment,
accessibility (146, 154), lack of time, cost, and no symptoms cue (155). In Jordan,
major barriers to Pap smear screening were inadequate knowledge about the test, not
being referred by a health professional and fear of having a bad result (147).
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1.2.4 Cervical screening in Australia
In Australia, opportunistic cervical screening became available in the mid-1960s. In
the opportunistic screening period, there were no formal policies, no systematic
recruitment of women, and lack of comprehensive quality control because of the
fragmentation of women‘s tests across many laboratories, and no fail-safe system for
treatment of cytology-detected abnormalities. Because of no formal policies and
systematic recruitment of women in this period, there was over screening of some
women and under-screening of those at higher risk of cervical cancer (156).
An organised, population-based cervical screening programme was introduced in
1991 as the ―Organised Approach to Preventing Cancer of the Cervix” (157). In 1995,
it was relabelled as the ―National Cervical Screening Program‖. It is a joint initiative
and a cost-shared program between the federal government and state and territory
governments. ―The program aims to:


demonstrate an increase in the percentage of eligible women who have ever been
screened;



establish more reliable and accessible services for taking, interpreting and
reporting Pap tests;



improve management of screen detected abnormalities; and



monitor and evaluate these preventive efforts‖(123).

It is currently recommended that all sexually active women aged between 18-20 and
70 years undergo 2-yearly screening (123). Since the introduction of organised cervical
screening in 1991, the intervals and age to initiate and cease Pap tests have remained
unchanged.
State and territory Pap test registries were developed as the infrastructure, and now
are key to success of the National Screening Program. State and territory Pap test
Registers are: NSW Pap Test Register; Victorian Cervical Cytology Register;
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Tasmanian Cervical Cytology Register; ACT Cervical Cytology Register; QLD Pap
Smear Register; NT Pap Smear Register; and the WA Cervical Cytology Registry.

1.2.4.1 Cytology classification system
An Australian working party developed the Australian modified version of the
Bethesda System 1991 (TBS 1991) and later the ―Australian Modified Bethesda System
2004” (AMBS 2004) was developed to adapt with new TBS 2001 (34) (Table1.6).
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Table1.6 Comparison of the Australian Modified Bethesda System (AMBS 2004) with previous Australian terminology and The Bethesda System
(TBS 2001)
Australian NHMRC endorsed
Bethesda System 1991
TBS 2001
AMBS 2004
terminology 1994
Squamous abnormalities
Low-grade epithelial abnormality
Benign cellular changes: ASC
Atypical squamous cells,
Possible low-grade squamous
Undetermined significance (ASC-US) intraepithelial lesion
Low-grade epithelial abnormality
Low grade squamous intra-epthelial Low-grade squamous intraepithelial
Low-grade squamous intraepithelial
lesion (LSIL)
lesion
lesion
Inconclusive, possible high-grade
squamous abnormality

No classification, grouped under
ASC

Atypical squamous cells, possible
high-grade lesion (ASC-H)

Possible high-grade squamous lesion

High-grade epithelial abnormality

High grade squamous intraepithelial lesion (HSIL)
Invasive carcinoma

High-grade squamous intraepithelial
lesion
Squamous cell carcinoma

High-grade squamous intraepithelial
lesion
Squamous cell carcinoma

Endometrial cells, cytologically
benign, in a post-menopausal
woman

Atypical endocervical cells,
undetermined significance

Atypical endocervical cells of
undetermined significance

Atypical glandular cells of
undetermined significatnce
-

Atypical glandular cells,
Undetermined significance
Atypical endocervical cells, possibly
neoplastic

Atypical glandular cells,
undetermined significance
Possible high-grade glandular lesion

High-grade epithelial abnormality

-

Endocervical adenocarcinoma in situ

Adenocarcinoma

Adenocarcinoma, NOS

Endocervical adenocarcinoma
in situ
Adenocarcinoma

High-grade epithelial abnormality
Glandular abnormalities
Low-grade epithelial abnormality

Low-grade epithelial abnormality
Inconclusive, possible high-grade
glandular abnormality
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Adenocarcinoma

1.2.4.2 Management guidelines
The first National Health and Medical Research Council (NHMRC) guidelines
Screening to Prevent Cervical Cancer: Guidelines for the Management of Women with
Screen Detected Abnormalities were based on the NHMRC 1994 classification of
abnormalities (158). The updated NHMRC guidelines of 2005, Screening to prevent
cervical cancer: guidelines for the management of asymptomatic women with screen
detected abnormalities were based on the 2004 Australian Modified Bethesda System
(34).

1.2.4.2.1 Low-grade disease management
In Australia, intensive investigation of low grade abnormalities has been replaced
with a ‗watch and wait‘ approach. In the first national screening guidelines entitled
Screening to prevent cervical cancer: guidelines for the management of women with
screen detected abnormalities which was published in 1994, Low grade abnormalities
was investigated more intensively than current guidelines and they were based on the
perceived severity of low-grade abnormalities (158).
Management of low-grade abnormalities became more passive with the revised
NHMRC guidelines which were released in 2005. In the 2005 guidelines, it is
recommended that women with persistent low grade abnormalities are referred to
colposcopy. A repeat pap test in 12 months is recommended for women whose index
smear is either a pLSIL or dLSIL. However, for women over 30 who had not had
negative smears in the preceding 2-3 years, it is recommended that they either have a
repeat pap test in 6 months or immediate colposcopy (Figure 1.5).
In the 2005 guidelines, there is no longer active treatment as an option for
management of low grade abnormalities. Many clinical studies have examined the
potential use of HPV testing as an alternative tool for managing low-grade
abnormalities(110). It has also been reviewed as a potential addition to the
management of low grade abnormalities in Australia has been found not to be costeffective in the Australian context (159).
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Figure 1.5 Management of low grade abnormalities in Australia (NHMRC guidelines
2005) (34)

Index smear
LSIL
Definite or possible
All ages

If woman is aged more
than 30 years, and has
no history of negative
cytology in the previous
2-3 years, she should be
offered immediate
colposcopy or a repeat
smear in 6 months

Repeat smear at
12 months

NEGATIVE

LSIL
Definite or possible

Repeat smear at 12
months

HSIL
Definite or possible

COLPOSCOPY

NEGATIVE
LSIL = low-grade squamous intraepithelial lesion
HSIL = high-grade squamous intraepithelial lesion
ROUTINE SCREENING

1.2.4.2.2 High-grade disease management
Women with high grade squamous abnormalities should be referred to colposcopy.
If a high-grade squamous intraepithelial lesion is confirmed histologically, it should be
treated either ablatively or excisionally. Ablative therapies include cold coagulation,
radical diathermy and cryotherapy. Excisional treatment can be done using different
procedures such as cone biopsy, laser, loop electro-excisional procedure (LEEP) or
other diathermy techniques. It is used when the transformation zone cannot be
visualised entirely. However, in Australia even if the transformation zone is visualised,
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the majority of treatment is by loop excision. In the presence of coexistent
gynaecological disease, high-grade cytology following previous treatment, or early
invasive disease, a hysterectomy may be recommended.
In Australia, the national guidelines (1994) recommended that women with highgrade abnormal cytology should be referred for immediate colposcopy and this has
remained unchanged in the Australian 2005 national guidelines. Compared to the 1994
guidelines, there were different recommendations for post-treatment management in
the 2005 guidelines. According to the 1994 guidelines, women treated for CIN II or III
should have cytology and colposcopy between 2-6 months after treatment, followed by
a repeat Pap test in 6 months and annual Pap tests for life. In the 2005 guidelines, there
were 3 differences in post-treatment management: 1) follow-up was changed from 2-6
to 4-6 months after treatment, 2) the repeat Pap test at 12 months was replaced by a
Pap test and a HPV test and 3) if two consecutive cytology and HPV typing were
negative, women could return to routine screening (2 yearly) (see Figure 1.6).
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Figure 1.6 Management of High grade abnormalities (NHMRC guidelines 2005) (34))

COLPOSCOPY
Women with
cervical cytology
suggesting
possible highgrade squamous
lesion

TZ not visible

TZ fully visible

Depending on age of woman

Cone a
Australian outcome
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HSIL=high-grade squamous intraepithelial lesion
TZ= transformation zone
Bx= targeted biopsy
A: in women where fertility is an issue, repeat colposcopy

41

1.2.4.3 The cervical screening program in NSW
The NSW cervical screening program is a jointly funded commonwealth/state
program. The main aims of the NSW cervical screening program are to encourage
sexually active women aged 20-69 to undergo biennial screening tests, to improve
reliability and accessibility of tests, and to provide optimal management for those
women with any abnormalities and improve monitoring and evaluation. The Pap test
register has been in operation since 1996 in NSW (160).
Since the introduction of the cervical screening program, there have been some
activities to increase the participation rate of under-served women, such as women
from culturally and linguistically diverse population (CALD) (e.g. indigenous women
and migrant women of non-English speaking background). There was a large
campaign in late 1999 for women from CALD (161) and a general campaign in 2007
targeting all women as well as disadvantaged groups (162).

1.2.4.4 Evidence for the effectiveness of the Australian program
According to the IARC criteria, population measures of effectiveness of cervical
screening are assessed by 1) trends in mortality and incidence, 2) evaluation of
operational parameters of screening (performance evaluation), and 3) modelling of
screening policy and practice to estimate effectiveness (93). There is a list of
performance indicators based on IARC recommendation that should be evaluated,
reviewed, and published annually. These include: Coverage, quality indicators, follow
up and treatment consistent with recommendations. We present only the first two
measures to evaluate effectiveness of cervical screening in Australia since it is most
relevant to our project.
Cervical screening program in Australia is based on criteria developed by the IARC
(93). The program is population-based, organised, with defined national guidelines and
policies. The main elements of this program include: a target population with defined
age and interval; monitoring of test results by an organised administrative group; a
follow-up and recall system for re-screening at different intervals; quality assurance
monitoring of laboratories; protocol-based follow-up for unsatisfactory smears and
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abnormal Pap smears; protocol-based treatment of abnormal results; and surveillance
on the incidence and mortality of cervical cancer.
Incidence and mortality of cervical cancer has fallen significantly over the last
decades in Australia, particularly since introduction of the organised screening
program in the 1990s (163). As it can be seen in Figure 1.7, the incidence rate was
13.2/100000 in 1982 compared to 6.3/100000 in 2007. The rate of fall in incidence
appeared to increase after the early 1990s.There was also a significant decline in
mortality rate over the time period of interest. The mortality rate was 6.7/100000 in
1968 compared to 1.6/100000 in 2007 (rates age-adjusted to the Australian standard
population 1991) (Figure 1.8).
Figure 1.7 Trends in incidence rates of cervical cancer in Australia 1982-2007(163)
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Figure 1.8 Trends in mortality rates of cervical cancer in Australia 1968-2007 (163)
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According to the 10th National Cervical Screening Program annual report (164), a
total of 3,599,919 women 20-69 years of age, participated in the screening program in
the 2-year period 2007-2008. The 2-yearly participation rate was estimated to be
60.8% for the age-group 20-69 years (The biennial participation rate refers to the
percentage of women aged 20-69 years who underwent a Pap test in the two-year
period; from 1 January 2007 to 31 December 2008). In this report, 3-yearly and 5yearly participation rates in target women (20-69) were reported as 73.7% and 86.5%
respectively. Participation rates varied by region and by socioeconomic status (SES) of
the area of residence. Women in major cities and inner and outer regions were more
involved in the screening program (61%) compared to women in remote or very
remote areas (56%). Women from the highest socioeconomic quintile had the highest
participation rate (68.3%) and the lowest participation in screening was observed in the
most disadvantaged quintile (54.4%). Although, in Australia, cervical screening is
recommended based on two yearly intervals, many women may need to be screened
earlier for a variety reasons such as prior abnormalities and their age. In 2007, the
proportion of women who had one or more tests at yearly intervals following a normal
test results was 21.7%.
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1.3 Ethnicity, socioeconomic status and cervical
cancer and cervical screening
Since the introduction of the Pap smear, the incidence and mortality of cancer of
the cervix has fallen substantially in developed countries with organised screening
programs (8-14). Cervical cancer incidence and mortality are generally higher
among disadvantaged groups (ethnically or socioeconomically), which also have
lower cervical screening uptake (15-18, 165, 166). However, research on incidence
and mortality and screening uptake in migrant women is limited. There are two main
areas of interest: 1) to understand the trends of incidence and mortality among
migrant groups and 2) to describe comprehensively whether screening uptake is
lower in migrants compared to native populations. While cancer registry data in
Australia show rates of cervical cancer incidence and mortality are high in certain
migrant groups (167-172), there is no information about trends in these rates over the
time, especially before and after organised screening commenced. In addition, while
research on cervical screening shows low screening rates in migrant women and
socioeconomically disadvantaged women in wealthy countries, there are limited data
on the extent of these differentials and, in particular, which migrant women are least
likely to be screened.
In this section, I present the concepts of socioeconomic status and ethnicity and
migration, and their relationship with health. Then I present an overview of their
measurement in Australia and of trends in migration of people of non-European
background to Australia. Incidence and mortality of cervical cancer by ethnicity and
socioeconomic status are explained based on previous studies inside Australia
mainly in NSW. Finally cervical screening uptake is described using relevant studies
by country of birth conducted in Australia mainly in NSW.
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1.3.1 Socioeconomic status: definition and measurement
1.3.1.1. Socioeconomic status: definition
Social class, social grade and socioeconomic status (SES) are common terms,
which are used almost interchangeably; they should be defined and clarified.
The English word 'class' dates back to the 16th century; it originated from the
Latin 'classis', meaning of ‖a division of the Roman people, a grade, or a class of
pupils" (173). The concept of social class is defined as "Group of people within a
society who possess the same socioeconomic status‖ (174). A classification system
that divided citizens into five classes according to wealth was introduced by Servius
Tullius, king of Rome in the 6th century BC (175).
Social class and socioeconomic status are conceptualised by several theoretical
approaches, which, in Marx‘s and Weber‘s theories, are the two common approaches
(176). The concept of social class was espoused for the first time by Marx. In Marx‘s
approach employers and workers are grouped based on the ownership and nonownership of the means of production. In contrast, Weber focused on three attributes
that people brought to the labour market including the ownership of wealth
producing materials and enterprises, skills and social prestige. The term social class
has been used in UK terminology since the 1911 census by the British Registrar
general (177). There are five social classes based on occupation: Professional,
Managerial and technical occupations, skilled, partly skilled and unskilled with a
category for ―don‘t work‖. The occupation of the head of each household is placed in
one of them. In the USA, Edwards‘s social-economic grouping of occupations has
been used for many years (178) which was based on the average income and
education required by the occupation. There is an international classification of
occupation developed by the international labour organization and currently is used
as a measure in many countries (179). In 1957, the Ninth International Conference of
Labour Statisticians developed the first version of International Standard
Classification of Occupation. It was further adapted in different times, and it was
updated recently, in 2007 (179).
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Social grading is a more discriminating index based on the Chief Income Earner‘s
occupation and enables all members in the household to be classified independently
or based on her or his actual economic status. Manual and non manual occupations
are classified into three different categories of a high, medium and low based on
skills, qualification and responsibilities (180). In 2001, a new socioeconomic
classification (SEC) was introduced by the British Government, in which occupation
is grouped on the basis of employment conditions and relations rather than skills.
There are 8 classes in this classification and it is less hierarchical than the social
grade (181).
Socioeconomic status is a multi-dimensional concept usually defined as ―the
relative position of a family or individual on a hierarchical social structure, based on
their access to or control over wealth, prestige and power‖ (182). A more recent
definition is ―a broad concept that refers to the placement of persons, families,
households and census tracts or other aggregates with respect to the capacity to
create or to consume goods that are valued in our society‖ (183). Definitions of
socioeconomic status vary across time and place. Socioeconomic status is a complex
and relative concept. The most frequent term used almost in every epidemiologic
research is socioeconomic status which is measured using different variables.
However, choosing the best SES measures depends on relevance and availability of
these measures in the population.

1.3.1.2 Socioeconomic status: Measurements
In this part I focus only on those measurements that are relevant to our field of
interest, health. The importance of socioeconomic gradient in health has been
investigated for centuries. The association between socioeconomic status (SES) and
health dates back at least as far as the nineteenth century (information available at:
(184)). Numerous studies have documented the link between SES and different
health outcomes (185-187). SES is an important risk factor which should be
controlled in studying other etiologic factors. A more recent approach to
investigating the influence of socioeconomic gradients on health was developed by
Kaplan (188). There are two basic approaches based on Kaplan‘s description: the
compositional approach, and the contextual approaches.
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1.3.1.2.1 Compositional SES measures
The compositional approach refers to when socioeconomic status is determined
based on actual, measured variables. Education, income, and occupation are
considered as traditional SES measures which may be correlated to each other, but
each of them captures a distinct aspect of SES and should not be used
interchangeably (189).
The most widely used SES measure is perhaps educational attainment. The most
basic component of SES is education because of its relationship with future
occupational opportunities and potential earning. Education might influence health
status through several mechanisms. It may be possible that well-educated people
have: 1) better information processing and critical thinking skills leading to better
skills in navigating bureaucracies and institutions and more effective interaction with
health providers, 2) better life style and health behaviour, 3) better work and
economic conditions and 4) better psychological resources (190). Income is another
component of SES which is related to health. It is suggested that because people with
higher income can afford to pay more, they are more likely to benefit from better
housing, schools, recreation and nutrition and also the healthcare system (191).
Occupational status is another indicator of SES that may influence health because of
its role in access to resources, exposure to psychological and physical risks, and its
influence on lifestyle (185).
There are some limitations in using the compositional SES measures in health
disparities research. For example it is found that the correlation between income and
education is low and varies by ethnicity and occupation may not be a proper
indicator of SES for teen mothers, adolescents, and those with late-career changes
and low experience in the labour market. Many studies have focused on formal
education, and other training has been ignored. Education has also a relative
importance and may depend on other SES indicators for example the effect of
education attainment on health status is not important among those who live below
the poverty line (185). Occupational categorization is commonly a gender-based
classification and tends to be less precise in women. Traditionally, class or
socioeconomic status has been measured by the male ―head of household‘s‖
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occupation assuming that the class position of the family is determined by the
occupation of the adult male and classifying woman by their occupation is irrelevant.
Since the mid-1970s the traditional view has been questioned and it has been argued
that women‘s occupations are relevant to both their own socioeconomic position and
that of their families (192). The traditional view was understandable at that time
since many women were housewives and, if in employment, were concentrated in a
few occupational groups and men were considered as ‖providers‖ and heads of
household. However, since 1990s, the number of career women has increased
making the traditional procedure less relevant. In this context, a family‘s
socioeconomic status can be measured in three ways; first using the male ―head of
households‖ occupation, the traditional procedure(193, 194), second using the status
occupation of whichever adult has the higher status occupation (195), and third using
both ―mother‘s‖ and ―father‘s occupation. However, in this PhD project, I did not
use the individual-level of socioeconomic status; instead I used the Index of Relative
Advantage and Disadvantage (SEIFA) which is an area of residence based measure
that is commonly used in research in Australia in the absence of individual measures
of socioeconomic status.

1.3.1.2.2 Contextual SES measures
Contextual SES measures refer to the social and economic conditions of people
who live in a particular community which determine access to goods and services,
social norms, and other health related factors (189). There are two contextual
measures; 1) area-based measures such as neighbourhood (post codes, census tracts,
census block groups, and census blocks) and other geographic areas (counties,
regions and states), and 2) economic context such as average house value, median
monthly rental value of housing, percentage of single–parent families, percentage of
unemployed people, per capita income. Some other economic contextual SES
measures are social class, poverty area, working class neighbourhood, and wealth.
The accuracy of area-based measures depends on time that has passed since
collection of data and the dynamic nature of the area. The reliability of area-based
measures may be questioned because they may not reflect well individual-level
measures relevant to residents of an area. Two possible interpretations of findings
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based on area-measures are: individual health susceptibility is influenced by living in
the particular area, and people with poor health are more likely to live in particular
environments (196).

1.3.1.2.3 SES indexes
A combination of several SES indicators are used to construct composite SES
measures such income, occupation, education, and so on (189). There are two basic
categories of composite SES measures: 1) material and social deprivation measures
(Townsend Index (197), Carstairs Index (198)), 2) social standing or prestige
measures (Hollingshead Index of social prestige and position and Duncan‘s
socioeconomic Index (199). However composite measures are not used in all
countries in the same way. For example the Townsend and Carstairs Indexes are
more commonly used in the UK, in Canada the socio-economic risk index (200),
which is a composite index of six socioeconomic status characteristics, is used. In
Australia the SEIFA (socioeconomic index for areas) indexes are composite
variables that measure various aspects of socioeconomic status (201).

1.3.2 Ethnicity and migration: definition and measurement
1.3.2.1 Ethnicity
Ethnicity is derived from a Greek word ethnikos, from ethnos "band of people
living together, nation, people" or ―People of one's own kind‖ (202). It is defined as
―Individuals who consider themselves, or are considered by others, to share common
characteristics that differentiate them from the other collectivities in a society, and
from which they develop their distinctive cultural behaviour‖ (203). The terms
―Race‖ and ―Ethnicity‖ are not the same and should not be used interchangeably;
they should not be used as indicators to distinguish people genetically. Instead it is
suggested to treat them as affiliations and people should have the right to choose
their affiliation(s) (204). In health-related research race presents personal and group
identities that refer to similar biological aspects, whilst ethnicity refers to people who
come from the same origin, culture, language and attitude. Although, there is cooccurrence of race and ethnicity in many cases, the concept of ethnicity is different
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from race. It may not have precise boundaries and may change over time. It is also
important to mention that the term ―acculturation‖ refers to adaptation to the beliefs
and practices of another ethnic group as result of contact with a host community.
Current language spoken, food preference, social activities or political identifications
are examples of acculturation indicators (204).
There are different ways to measure ethnicity, which may vary from country to
country, and each of them has some limitation. These are some examples: 1) skin
colour which is mainly based on race, 2) country of birth, 3) origin of ancestors, 4)
names analysis which is used to identify specific people, 5) complex algorithms
(205). Each of these methods has some limitation for example using skin colour to
identify a group of people with the same ethnicity is subjective, imprecise, and
unreliable. For example distinction between Muslim and Hindu Punjabis based on
their skin colour is inaccurate because of many cultural differences between them.
Country of birth is an objective method which is commonly used on birth and death
certificates but it cannot distinguish ethnicity properly for those diverse culturally
countries like India with different religions, languages and regions.

1.3.2.2 Migration
Migration is defined as ―the (more or less) permanent movement of individuals or
groups across symbolic or political boundaries into new residential areas and
communities‖(206). The word immigration is also used to describe movement of
people into other countries. Immigration is defined as ―Movement of foreign
nationals to reside in a country. This does not include people on short visits, for
business or as tourists‖ (207).
In 1885, for the first time Ravenstein formulated the ―laws of migration‖ and it
was the oldest document related to the concept of migration (208). There are some
underlying reasons why people migrate which can be explained by Lee‘s 1966
push/pull factors theory. In general push factors refers to factors in the country of
origin and pull factors refer to factors in the country that people desire to move into
it. Some examples of push factors are inadequate access to land and resources, lack
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of employment opportunities, poverty, natural disasters, and for pull factors, job
opportunities, access to land and resources, access to markets, safety and security.
Although migration contributes to ethnic diversity in a host country, ethnic
diversity and immigration are not always synonymous, because in some cases some
immigrants may not ethnically be different from the native population. Similarly, in
the US for example, much ethnic diversity is unrelated to migration; BlackAmericans are ethnically different from White-Americans but have live in the US for
more than 200 years. This should be considered in use of these terms (209).

1.3.3 Ethnicity, socioeconomic status and health
Both ethnicity and socioeconomic status have been known as important drivers of
health inequalities; however how they interact and magnify inequalities is somewhat
unclear. Research has found that lower socioeconomic status results in health
inequalities in some ethnic groups but the degree of contribution of socioeconomic
status to health inequalities among different ethnic groups varies between nations
and groups. For example in UK, adjustment for SES make ethnic differences in self
rated health disappear (210), while in Spain health inequalities in ethnic groups was
unrelated to socioeconomic status (211). In Sweden, risk of poor health was not
related to lower SES in Polish migrants whereas it was in Arabic-speakers and
Iranians (212).
In 2011, Lorant and Bhopal (213) analysed ethnicity, socioeconomic status and
health based on Charles Tilly‘s theory of ‗durable inequality‘. They provided some
explanation of the interaction of ethnicity and socioeconomic status leading to health
inequalities. They suggested, based on this theory, that ethnicity is linked to lower
SES because of organisational reasons. Inequality mechanisms may differ between
ethnic groups because there may be a combination of exploitation, opportunity
hoarding, emulation, and adaptation leading to different outcomes in different ethnic
groups. They also mentioned that several country-level features may affect the
matching process, leading to a stronger association between poor health and ethnicity
among a particular ethnic group in some countries but not in others.
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1.3.4 Socioeconomic status and ethnicity and migration
concepts in Australia
1.3.4.1 Socioeconomic status
In Australia occupation was used by the Australian Bureau of Census and
Statistics as a measure of socioeconomic status from 1966. It was known as
Classification and Classified List of Occupations (214). This classification failed to
fulfil criteria for a class or socioeconomic scale since it had some major shortcoming
such as not well distinguishing unskilled workers and skilled tradesmen, and the
retention of obsolete categories of employment. In a new classification, occupations
are classified to 8 major groups as a hierarchy and within each major group there are
minor groups and unit groups according to the skill specialization (214). It is
consistent with the International Standard Classification of Occupation and with
British, American and Canadian classification of occupation. It was replaced by the
Australian Standard Classification of Occupations First Edition in the mid 1980s and
with the second edition, Australian Standard Classification of Occupations Second
Edition in 1996 (215). This classification is used by researcher in different studies to
assign people to different socioeconomic status.
The Australian Bureau of Statistics (ABS) developed an index of relative socioeconomic disadvantage based on the 1971 Census. The current socioeconomic index
for areas (SEIFA) was developed following the 1986 Census with five indexes,
which were reduced to four in SEIFA 2001 (201). The change was for the Urban
Index of Relative Socio-economic Advantage and the Rural Index of Relative Socioeconomic Advantage and Disadvantage which were replaced with a single index.
The update release is SEIFA 2006 (216). The four indexes in SEIFA 2006 are:


The Index of Relative Socio-economic Disadvantage;



The Index of Relative Socio-economic Advantage and Disadvantage;



The Index of Education and Occupation; and
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The Index of Economic Resources

―The Index of Relative Disadvantage, using indicators of low socio-economic
wellbeing, provides a general measure of disadvantage. The Index of Relative
Advantage and Disadvantage extends this measure to encompass the entire socioeconomic spectrum. The Index of Education and Occupation focuses specifically on
the educational and occupational aspects of socio-economic status‖ (201, 216).

1.3.4.2 Classification of ethnicity and country of birth
There are different classifications of countries or ethnicity in Australia.
Classification of Birthplace (COB) started from the 1966 census. In 1990 it was
changed into the Standard Australian Classification of Countries for Social Statistics
(SACCSS). There was a need to update the existing classification because of the
world political change, for this reason the standard Australian classification of
countries was released in 1998 and more recently was replaced with the second
edition in 2008.
Because of cultural diversity of Australia, ABS developed the Australian Standard
Classification of Cultural and Ethnic Groups for ―use in the collection, storage and
dissemination of all Australian statistical and administrative data relating to ethnic
and cultural identity, as well as ancestry‖ (217) which was first published in 2000,
and the Second Edition was update in 2005 to reflect the changes to Australia's
ethnic profile brought about by changing migration patterns.

1.3.4.3 Recent trends in migration to Australia
Before the 1950s, most migrants to Australia came from Europe. In the 1950s, a
significant shift occurred in migration from Europe towards other countries such as
Asian Pacific countries after the relaxation of Australia's Immigration Restriction
Act (1901), which originally limited migration to European people. By the 1960s,
there was an easier way for multiracial migration. The first migration agreement with
a non-European country, Turkey, was in 1967. Following declaring Australia a
‗multicultural‘ society in 1973, the policy of Australian citizenship changed towards
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equal treatment of all migrants. In the late 1980s, further change in migration policy
occurred with emphasis on skilled and business categories and the assisted passage
scheme ended in 1981. Currently support is provided only to refugees (218).
In 2006, people born in England and New Zealand were the two biggest groups of
migrants followed by China. Since 1996, the number of people born in New Zealand
(by around 98,000), China (96,000), and India (70,000) increased, whereas, the
European-born population in Australia decreased. In 2006 Census of Population and
Housing, 3.1 million people (16% of the population) spoke a language other than
English at home with an increase of 285,000 people or 10% since 2001 (219).
The number of migrants in Australia born in Asian countries has increased
gradually in recent decades. According to available data, the Asian-born population
increased significantly between 1981 and 1999, from a quarter of a million to more
than one million people, or 6% of the total population of Australia. Of the one
million Asian-born migrants, just over half were born in South-East Asia, almost a
third in North-East Asia and one fifth in Southern Asia. In 2000, Vietnam (174,400),
China (168,100) and the Philippines (123,000) were the three largest populations of
Asian-born migrants. Together these three groups comprised 43% of Asian-born and
10% of all overseas-born Australians. The largest proportions of the Asian-born
population live in urban areas and around half live in New South Wales (220). The
number of Asian- born people increased largely between 1981 and 2006, for
example, the China-born population increased eightfold, the Vietnam-born
population increased fourfold, from 40,700 people in 1981 to 180,400 people in
2006 (219).
In 2006, there were 248,699 people born in Africa accounted for 5.6% of the
overseas-born population. Almost two third of the Africa resident people were born
in South and East Africa, 22.9% in North Africa and 4.5% in the Central and West
Africa region. The largest group of African-born were from South Africa (104,133 or
41.9% of the total Africa-born resident population in Australia), 13.5% from Egypt,
followed by 8.1% from Zimbabwe, 7.7% from Sudan, 7.3% from Mauritius, 4.0%
from Kenya and 2.3% from Ethiopia (221).

55

In 2006, there were 213,942 people were from Middle East or North Africa or
1.1% of the population. Of them 193,633 people born in the Middle East accounted
for 4.4% of the overseas-born population. Almost 40% of those from the Middle
East were born in Lebanon, 16.8% were born in Iraq, 15.7% in Turkey, 11.6% in
Iran, 4.0% in Israel and 3.6% in Syria (221).
Table 1.7 provides more information about recent migrants by country of birth.
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Table 1.7 Recent migrants and temporary residents, Selected characteristics by country of birth (222)

Sex
Males
Females
Age group on arrival

Oceania &
Antarctica

North-West
Europe

Southern and
Eastern Europe

North Africa &
the Middle East

SouthEast Asia

North-East
Asia

Southern and
Central Asia

Americas

Sub-Saharan
Africa

Total

5.1
11.1

69.6
65.1

14.7
25.7

33.0
20.6

34.5
68.3

46.3
63.9

72.4
83.9

13.1
14.9

36.5
39.5

325.8
393.8

4.0
4.7
3.8

6.3
12.2
54.3
47.3
14.6

3.9
4.0
16.8
8.8
6.9

4.2
15.2
21.8
8.8
3.5

13.9
20.2
35.0
23.9
9.7

9.0
25.0
42.8
21.6
11.9

9.2
35.2
74.9
28.1
8.9

0.0
5.7
14.9
5.9
1.5

7.0
6.9
26.9
24.8
10.4

56.7
128.4
292.7
173.7
68.0

3.1
2.1
5.8
2.8
2.3

26.0
25.4
34.8
32.1
16.4

13.2
10.6
6.2
5.8
4.6

9.0
9.3
12.3
16.9
6.0

16.1
18.2
31.5
21.0
15.9

24.7
27.6
26.0
17.3
14.7

22.5
34.1
30.9
38.7
30.2

5.2
3.9
7.3
7.3
4.2

11.8
12.1
15.0
23.3
13.8

131.5
143.5
169.8
166.6
108.1

11.9
9.8
7.8
2.0
2.1
4.2

114.0
107.9
86.2
21.7
6.1
20.8

28.8
26.8
18.5
8.3
2.0
11.6

33.4
25.1
19.8
5.3
8.3
20.2

69.9
64.4
44.2
20.2
5.5
32.8

79.8
73.8
54.0
19.8
6.0
30.4

116.1
104.8
83.0
21.8
11.3
40.2

22.2
22.2
20.0
2.1
0.0
5.8

56.1
52.3
37.1
15.3
3.7
19.9

533.0
487.9
371.4
116.5
45.1
186.5

4.7
11.5
3.1
6.6
0.0
1.8

43.9
90.9
44.8
32.3
0.0
13.8

25.0
15.5
5.1
9.0
0.0
1.4

22.5
31.1
3.7
14.0
12.3
1.1

45.5
57.2
18.5
31.2
4.8
2.8

50.9
59.4
32.9
21.3

77.5
78.8
42.8
30.0
4.4
1.5

8.9
19.0
7.0
10.7
0.0
1.4

29.8
46.1
24.8
8.8
9.8
2.7

308.7
410.9
184.0
163.9
32.3
30.7

(years)

15–19
20–24
25–34
35–44
45 +
Year of arrival
2001–2002
2003–2004
2005–2006
2007–2008
2009 to survey date
Labour force status
Labour force
Employed
Full time
Part time
Unemployed
Not in the labour
force
Type of visa *
Australian citizen
Permanent visa
Skilled
Family
Humanitarian
Other/n.f.d.

* as at November 2010
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1.3.5 Cervical cancer and cervical screening in migrant
women in Australia
The high rates of cervical cancer in many developing countries and the lack of
organised programs for cervical screening in these countries means that women who
migrate from developing countries to developed countries frequently have a high
background risk of cervical cancer and little or no experience of cervical screening.
Thus they are likely to be disadvantaged with respect to cervical cancer and cervical
screening when compared with the native population of the host country.

1.3.5.1 Cervical cancer incidence and mortality in non-English
speaking background migrant women in Australia
There is no study to demonstrate the trends in incidence and mortality of cervical
cancer by birthplace in Australia. However, previous research in NSW has shown
that cervical cancer incidence among some migrant groups is higher than in
Australian born women, notably for women born in Vietnam or Fiji (167, 168, 223).
Disparities in incidence of cervical cancer by country of birth have been
demonstrated both before (167, 224) and after the introduction of organised
screening in Australia (168). Before organised screening, the incidence of cancer of
the cervix was reported to be higher in women born in Fiji and Vietnam and lower in
migrants from Egypt, compared to Australian-born women (224). In addition, high
incidence rates were reported in women born in Vietnam, Germany, Poland and New
Zealand ;and lower rates in women born in Egypt and Italy (167). The most recent
research, involving data based on the NSW Central Cancer Registry (NSW CCR) for
the years 1991-2001 (168), reported that the incidence ratio for cervical cancer was
higher for women from Fiji, Indonesia, Vietnam, New Zealand and also for females
from China compared with Australian born women.

1.3.5.2 Cervical cancer screening in non-English speaking
background migrant women in Australia
There is evidence that migrant women have lower participation rates in the
National Cervical Screening Program. For example, data on cervical cancer
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screening were extracted from the National Health Surveys of 1989/90 and 1995,
which provided self-reported information about screening behaviour regarding
country of birth and language spoken at home as indicators of migration (225). The
findings of this study showed significant differences between Australian born
women and overseas born women, with the latter generally screening less. Studies
among women assumed to be of Vietnamese origin (according to surname or on the
basis of attending Vietnamese general practitioners), showed a lower rate of
participation in the screening program than Australian–born women (226, 227). In a
study of Arabic-speaking women who attended 20 general practitioners, a lower
number of women at risk had undergone Pap smear screening during the last 2 years,
and 13% of the total sample did not have any knowledge about the screening
program (228). Shelley et al (229) found that the lowest proportion of women
attending Pap test screening was observed in areas with the largest proportion of
non-English Speaking Background (NESB) women and the lowest socioeconomic
status in NSW. Perkins et al (206) conducted a modelling study to predict factors
relating to cervical screening in NSW and found that the Index of Economic
Resources and the proportion of non-English speaking background women in each
area were the best predictors in their model. A secondary analysis of the Australian
Morbidity and Treatment Survey 1990 to 1991 found that a Pap smear was less
likely for general practitioners with more than 25 per cent of patients with English as
a second language (230). The correlation of cervical cancer screening in NSW
women with socio-economic status, migration, region and indigenous background
has been investigated (231). This study showed that in urban residents, the lowest
rate of screening was observed in low socio-economic status women as well as
migrant women. The biennial Pap test rate was estimated as 50% in migrant women,
compared to Australian-born women for whom the average was 59%.
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1.4 Specific aims of this thesis
This PhD research program examines cervical cancer incidence and mortality in
migrant women in NSW, with particular reference to cervical screening, and migrant
women‘s uptake of cervical screening and acceptance of adjunctive liquid-based
cytology when being screened. It also examines other important determinants of
cervical cancer risk and screening, particularly age and socioeconomic status. The
project is divided into 3 main parts as outlined below:


The work reported in chapter 2 aims to determine whether migrant women
shared equally with Australian-born women in the higher rate of fall in
cervical cancer incidence and mortality that began in NSW after the
introduction of organised cervical screening in 1991. This analysis covers
a total of 35 years of cancer registry data and includes almost equal time
periods before and after 1991. Therefore it provides substantial statistical
power for comparison and analysis of trends between Australian-born and
migrant women.



The work reported in chapters 3 and 4 aims to comprehensively assess
patterns of cervical screening behaviour in NSW women born in Asian or
Middle Eastern countries using a record linkage approach, and to compare
these patterns with those of Australian-born women in both younger and
older age groups. Use of record linkage provides a large number of
women for this analysis and accurate information on cervical screening
from the NSW Pap Test Register. It has limitation, however, particularly
with respect the representativeness of populations that can be sampled by
record linkage and the lack of a readily available way to adjust the
populations for prevalence of hysterectomy.



The work reported in chapter 5 aims to describe the use of adjunctive
liquid-based cytology in cervical screening in NSW and its relationship to
age, socioeconomic status, area of residence, birthplace and other factors
that determine whether or not it is used in a woman‘s episode of cervical
screening. The NSW Pap Test Register provides a unique opportunity to
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examine the use of this ―optional extra‖ in cervical screening and the
broad determinants of women‘s choices to pay for it when they are
screened.
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CHAPTER 2

Trends in incidence of and mortality from
cervical cancer in NSW in relation to Country
of Birth

80

2.1 Introduction
The incidence of cervical cancer has fallen substantially due to the establishment
of organised cervical screening programs in developed countries (1). Cervical cancer
is, however, one of the commonest cancers in women in developing countries, and
has its highest incidence in women in Sub-Saharan Africa, Central America, SouthCentral Asia, and Melanesia (2).
International studies of trends in cervical cancer incidence and mortality in
relation to the introduction of cervical screening programs have documented the
effectiveness of well-organised screening programs in reducing incidence of
squamous cell cervical cancer (3-9). Since the introduction of organised screening in
Australia in 1991, cervical cancer incidence and mortality rates among women 20
years of age and older have fallen by about 35% (10, 11).
Studies in various populations with well organised screening programs have
documented disparities in cervical cancer incidence and mortality between women
born overseas and native-born women (12-18). It has been suggested that differences
in cervical screening uptake as well as differences in treatment between ethnic
groups may explain these disparities. Research in New South Wales (NSW), the
most populous Australian state, has shown that cervical cancer incidence among
some migrant groups, notably women born in Vietnam or Fiji is higher than in
Australian-born women (19-21). However the impact of organised screening
programs on the incidence and mortality of cervical cancer by country of birth has
not been assessed. Thus it is not known whether all women have shared equally in
the benefits of an organised approach to cervical screening and whether reported
falls in cervical cancer incidence (10, 11) have been uniform in all ethnic groups.
The aim of this study was to assess time trends in incidence of and mortality from
cervical cancer in women who migrated to Australia from other countries in
comparison with trends in Australian-born women. Specifically, our objective was to
assess whether there were falls in incidence and mortality in migrant women
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following the introduction of organised screening that reflected the fall observed in
the whole population and, more particularly, Australian-born women.

2.2 Methods
2.2.1 Data sources and study population
The main dataset for this study was obtained from the NSW Central Cancer
Registry (CCR), which was established in 1972 (22). CCR is a population-based
registry supported by a statutory obligation for all public and private hospitals,
radiotherapy facilities, nursing homes, outpatient departments and day-procedure
centres to notify all malignant neoplasms (22).
All women 15 years of age and older who were diagnosed with invasive cervical
cancer in the period from 1973 to 2008 were included in this analysis (11,485
women). Females 15 years of age and older were included to ensure that all
diagnosed cervical cancer cases (which are rare in women under 25 years of age)
were included. We obtained data on country of birth, date of diagnosis, date of death,
morphological type of cancer and degree of spread of cancer, and local government
area (LGA) and Accessibility and Remoteness Index of Australia (ARIA) codes. To
calculate incidence rates, the estimated resident female population for NSW by 5
year age group and by country of birth (COB) over the period of interest was
obtained from the Australian Bureau of Statistics (ABS) and from the Health
Outcomes Information Statistical Toolkit (HOIST) which is a 'data warehouse'
operated by the Centre for Epidemiology and Research of the NSW Department of
Health (23). Annual population estimates by age and COB were not available before
1981, so we used the Census populations of 1972, 1976 and 1981 (which provided
information by age and country of birth) to estimate annual values: for 1973 and
1974, the population by age and COB was estimated from the 1972 Census; for
1975, 1976, 1977 and 1978, the population was estimated from the 1976 Census, and
for 1979 and 1980, the population was estimated based from the 1981 Census (24).
To estimate the female population at risk of cervical cancer, the proportion of
women who have undergone hysterectomy prior to each year of study should be
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considered and removed from the population for that year. However, surveys of the
prevalence of hysterectomy have been done in NSW only since 1997 and, at the time
of doing this work, data on the proportion of women who had undergone
hysterectomy in different calendar year was unavailable by age and country of birth
jointly; thus we were unable to exclude women who had undergone hysterectomy
from the population.
This project received ethical approval from The NSW Population and Health
Services Research Ethics Committee and the University of Sydney Human Research
Ethics Committee. De-identified data were used for the analysis.

2.2.2 Statistical analysis
The values of some variables from the NSW Central Cancer Registry (CCR)
dataset were grouped into larger categories for the analysis. For the primary
descriptions of trends, age was grouped in three categories: 20-49 years, 50-69 years,
and 70+ years; for adjustment in Poisson and join-point regression, however, we
used 5-yearly age groups. Country of birth was grouped into 7 regions (25):
Australia, New Zealand (NZ), the United Kingdom and Ireland, rest of Europe, the
Middle East and North Africa, Asia, and the rest of the world. These groups were
based on numbers in different country of birth categories from the 2006 Census (26)
and formed to create a manageable number of regions of birth with reasonably large
numbers and reasonable cultural homogeneity. Socioeconomic status (SES) was
classified in five quintiles of the Australian Bureau of Statistics‘ index of relative
socioeconomic disadvantage (IRSD) for areas from the 2001 Australian Census (27).
An IRSD is calculated for each local government area of residence and is based on
income, education attainment, degree of unemployment and ownership of motor
vehicles (27).
The type of screening was defined as opportunistic over the period 1973-1990 and
organised over the period 1992-2008; data from the year 1991 were not included
since it was the year of establishment of organised screening in Australia. We
compared changes in incidence and mortality over periods before and after organised
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screening using age-adjusted 5 yearly rates. Two analyses were performed, as
follows:
(i) Relative changes in incidence and mortality over periods of opportunistic and
organised screening, by region of birth.
We calculated age-adjusted incidence and mortality rates of cervical cancer by
region of birth and by age group in the following 5-year periods: 1973-1977, 19781982, 1983-1987, 1988-1992, 1993-1997, 1998-2002 and 2003-2007. The age
distribution of women in the population of Australia in 1991 was used as the
standard for age adjustment. The type of screening was defined as opportunistic over
the period 1973-1987 and organised over the period 1993-2007. Data from the years
1988-1992 were not included in the analysis since this was the period of the
establishment of organised screening in Australia. Using the incidence and mortality
rates calculated over 5 years, we then assessed the relative changes in rates over the
two periods of interest, as follows: opportunistic period: incidence in 1983-87
relative to incidence in 1973-77; Organised period: incidence in 2003-07 relative to
incidence in 1993-97. For each period, we calculated a standardised rate ratio (SRR)
and 95% Confidence Interval (CI) which represented the change in incidence or
mortality rate over the period.
(ii) Estimation of the rate of decline of cervical cancer incidence and mortality,
during periods of opportunistic and organised screening, by region of birth
We used generalised linear models, assuming a Poisson distribution and a log link
function, to compare the annual percent change (APC) in cervical cancer incidence
and mortality rates, using data from the period from 1973 to 2008. For this analysis
the opportunistic screening period was defined as 1973-1990, and the organised
screening period was defined as 1992-2008; data from the year 1991 was not
included in the analysis since it was the year of the establishment of organised
screening in Australia. Comparisons were made for all NSW cervical cancer cases
and deaths and in subgroups defined by region of birth and three broad age groups:
20-49 years, 50-69 years, and 70+ years. The dependent variable in each model was
either the number of newly diagnosed cervical cancer cases or the number of cervical
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cancer deaths for each combination of categories of the independent variables; and
with the corresponding mid-year populations included as an offset. The independent
variables included categories of age (1-19 years, 20-24, 25-29..., 80-84, 85+ years),
region of birth (Australia, New Zealand (NZ), the United Kingdom and Ireland, rest
of Europe, the Middle East and North Africa, Asia, and the rest of the world),
calendar year of diagnosis (1973-2008, with the variable treated continuously) and
calendar year of diagnosis or death for the period after the introduction of organised
screening (1992-2008 or zero for years prior to 1992, variable also treated
continuously). The last of these independent variables and its corresponding
regression function parameter allows a potential change in the APC occurring at
1991 to be modelled; this is commonly known as join-point regression (28). Terms
for the interaction between regions of birth, broad age group and calendar year of
diagnosis or death variables were included where appropriate to allow APCs to be
estimated separately for each subgroup. To account for possible over- dispersion,
Poisson standard errors were inflated by a scale parameter equal to the Pearson chisquared statistic divided by the residual degrees of freedom (29).
For graphical presentation the observed age-adjusted cervical cancer rates were
plotted against the fitted age-adjusted rates derived from the models. Observed ageadjusted rates were calculated in the usual manner using observed age-specific rates
and the 1991 Australian Standard Population. Fitted age-adjusted rates were
calculated using the expected age-specific rates predicted by the estimated regression
functions. To assess whether our results were robust to the choice of statistical
method, we also performed the same analyses using join point weighted linear
regression models in which the log of the age-adjusted rate was regressed against the
calendar year of diagnosis or death. Observations were weighted by the inverse of
the variance of the log of the age-adjusted rate and errors were assumed to be autocorrelated with lag one (the use of this method to analyse trends in age-adjusted rates
is described in detail elsewhere) (30). Because the results derived from the weighted
linear regression were almost identical to those derived from the Poisson regression,
we report only the results from the Poisson regression. We consider the Poisson
method to have a slight technical advantage for analysing the current data because of
its ability to handle calendar years with zero cases or deaths whereas the weighted
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linear regression method requires the introduction of a small correction factor (31) .
All data were analysed using STATA version 11 (STATA Corp, Texas, USA).

2.3 Results
2.3.1 Descriptive characteristics of the study population
A total of 11,485 women were diagnosed with cervical cancer between 1973 and
2008 in NSW. Of these, information on country of birth was available for 7,637
Australian-born women and 3,185 overseas-born (migrant) women. There were 663
cases whose country of birth was not recorded, but these were included in analyses
when all cases in NSW were considered. The mean ages of the Australian-born and
migrant women included in the analyses were broadly similar at 52.2 (SD=16.8)
years and 53.9 (SD=15.4) years, respectively. A much higher proportion of migrant
women than Australian-born women lived in major cities and higher proportions of
them were classified in the least and most disadvantaged SES quintiles (Table 2.1).
There were 4,049 women who died of cervical cancer between 1973 and 2008 in
NSW; of these 2,953 were recorded as Australian-born women and 1,096 overseasborn. Country of birth was not recorded for a small number of women (11) who had
died. The average ages of Australian-born and overseas-born women dying from
cervical cancer were broadly similar at 61.6 (SD=15.9) years and 62.5 (SD=15.4)
years, respectively. The distributions by SES and area of residence (not shown) were
similar to those for incident cases shown in Table 2.1.
.
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Table 2.1 General characteristics of Australian-born and migrant women diagnosed with cervical cancer in NSW in 1973-2008
Australia

NZ

N (%)

N (%)

Age
<20

12 (0.2)

2(1.0)

20-29

540 (7.1)

15(7.3)

30-39

1592(20.9)

57(27.7)

40-49

1510(19.8)

50-59
60-69
70+
Socioeconomic status
Q1(Highest)

UK& Ireland

Europe

N (%)

N (%)

Middle East& North
Africa
N (%)

Asia

0(0.0)

0(0.0)

0(0.0)

0(0.0)

1(0.4)

49(5.0)

22(2.0)

3(2.1)

15(2.5)

17(6.5)

141(14.9)

136(12.6)

27(18.8)

114(18.9)

57(21.8)

49(23.8)

172(17.6)

174(25.5)

32(22.2)

167(27.7)

68(26.1)

1272(16.7)

31(15.1)

176(18.0)

246(22.9)

42(29.2)

118(19.6)

58(22.2)

1329(17.4)

22(10.7)

178(18.2)

237(22.0)

19(13.2)

111(18.4)

33(12.6)

1380(18.2)

30(14.6)

261(26.7)

161(15.0)

21(14.6)

78(12.9)

27(10.3)

N (%)

¥

916(15.7)

50(29.2)

164922.9)

133(17.1)

14(11.8)

125(22.1)

45(19.2)

Q2

1183(20.3)

33(19.3)

150(21.0)

145(18.6)

24(20.2)

111(19.6)

46(19.7)

Q3

1242(21.3)

23(13.5)

142(19.9)

169(21.7)

22(18.5)

84(14.8)

48(20.5)

Q4

1279(21.9)

23(13.5)

131(18.3)

127(16.3)

10(8.4)

68(12)

30(12.8)

Q5 ( lowest)

1218(20.9)

42(24.6)

128(17.9)

206(26.4)

49(41.2)

179(31.6)

65(27.8)

Area of residence€
1

824(62.6)

42(87.5)

113(78.5)

163(89.1)

28(96.6)

189(95.0)

93(93)

2

358(27.2)

5(10.4)

24(16.7)

17(9.3)

1(3.1)

9(4.5)

5(5.0)

3

123(9.3)

1(2.1)

7(4.9)

3(1.6)

0(0.0)

1(0.5)

292.0)

4

12(0.9)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Note: Numbers obtained by adding together categories for each variable may not always add to total sample size due to missing data.
¥
€

Rest of the
world
N (%)

Q1: Least disadvantaged, Q5: Most disadvantaged. Data were available for 1980-onwards.
1; Major city, 2: Inner regional, 3: Outer regional, 4: Remote/very remote. Data were available for 2000 onwards.
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2.3.2 Relative changes in incidence and mortality over
periods of opportunistic and organised screening, by region
of birth.
Before the introduction of organised screening in Australia, the incidence of
cervical cancer in NSW was decreasing for women born in most of the overseas
regions. Among women aged 20-69 years, the greatest decrease over the period
1973-1977 to 1983-1987, about 40%, was observed for women born in the Middle
East or North Africa and Europe (SRR 0.57; 95% CI: 0.35-0.91 and SRR 0.62 95%
CI 0.54-0.72, respectively). The next largest decrease, 20%, was observed for
women born in Australia (SRR 0.79 95% CI 0.75-0.83) and women born in UK and
Ireland (SRR 0.82 95% CI 0.69-0.97). There was no appreciable reduction in the
SRR for incidence in women born in NZ or Asia (Figure 2.1). After the introduction
of organised screening, over the period 1993-1997 to 2003-2007, the patterns of
change in incidence SRR by region of birth were broadly similar to those with
opportunistic screening, except that for women born in Asia there was a clear fall in
incidence with organised but not opportunistic screening. In addition, the fall in
incidence SRR was greater in women born in Australia after introduction of
organised screening (SRR 0.66 95% CI 0.62-0.71) than before (SRR 0.79 95% CI
0.75-0.83).
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Figure 2.1 Standardised rate ratios (SRR) for the change in cervical cancer incidence
during periods of opportunistic and organised screening by region of birth in women
aged 20-69 years

10.00

Standardised Rate Ratio

Opportunistic period
1983-1987 vs 1973-1977

Organised period
2003-2007 vs 1993-1997

1.00

0.10

Note: Europe excluding UK& Ireland

Patterns of cervical cancer mortality change (Figure 2.2) were generally similar to
those for incidence change over the same periods (Figure 2.1).The most noticeable
difference was the increase in mortality in women born in Asia during the period of
opportunistic screening, a period during which there was no change in incidence in
these women. Less strikingly, the difference between the fall in SRRs in the
organised program and those during opportunistic screening in Australian-born
women was greater for mortality (opportunistic SRR 0.88 95% CI 0.79-0.97,
organised SRR 0.60. 95% CI 0.53-0.68) than it was for incidence (opportunistic SRR
0.79 95% CI 0.75-0.83, organised SRR 0.66 95% CI 0.62-0.71).
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Figure 2.2 Standardised rate ratio (SRR) for the change in cervical cancer mortality
during periods of opportunistic and organised screening, by region of birth, in women
aged 20-69 years

Standardised Rate Ratio

10.00

Opportunistic screening
1973-77 vs.1983-87

Organised screening
1993-97 vs.2003-07

1.00

0.10

0.01

Note: Europe excluding UK& Ireland
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2.3.3 Estimation of the rate of decline of cervical cancer
incidence and mortality, during periods of opportunistic
and organised screening, by region of birth
For NSW as a whole, there was a highly significant difference in the annual
percent change (APC) in cervical cancer incidence and in cervical cancer mortality
before and after the introduction of organised screening in 1991 in women of all ages
(Figure 2.3 and Table 2.2): for incidence, the APC was -2.28 before and -4.67 after
(p<0.0001) and for mortality it was -2.94 before and -4.64 after (p=0.0011). These
differences in the trends before and after 1991 were also evident in the APCs in
incidence for the broad age categories 20-49 years, 50-69 years and 70+ years
(p<0.002 in each case; figures 2.3b-2.3d and Table 2.2) and in the APC in cervical
cancer mortality for women aged 20-49 years (p<0.0001; Figure 2.3d). In older
women, there was little before and after difference in the APC in mortality. The
incidence and mortality P-values for heterogeneity among age groups in the change
in slope of the APC after 1991 were 0.75 and 0.0053.
These patterns in the APC in cervical cancer incidence before and after 1991 were
also seen in women with different regions of birth (Figures 2.4a-2.4g and Table 2.2),
except in women born in Europe (other than UK and Ireland), who showed a steady
downtrend in incidence across the two periods, and in women born in the Rest of the
World, who showed almost no fall in incidence after 1991, although with a wide
confidence interval. Patterns in the APC in cervical cancer mortality were generally
similar to those in incidence, although with greater uncertainty because of the fewer
deaths. The incidence and mortality P-values for heterogeneity among regions of
birth in the change in slope of the APC after 1991 were 0.088 and 0.0039.
The numbers of observations became rather small when trends were examined by
age and region of birth (Table 2.2). However, the anticipated effect of introducing an
organised program of cervical screening in 1991 – that is, a greater fall in the APC in
cervical cancer incidence and mortality after 1991 than before – is generally evident.
At 20-49 years of age, it was seen for incidence in six of seven regions of birth and
for mortality in five of seven. At 50-69 years of age it was seen for incidence in five
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of seven and for mortality in four of seven and at 70+ years of age for incidence in 6
of 7 and in mortality for five of seven. The pattern was consistently present for
incidence and mortality and by age in women born in Australia, New Zealand, the
United Kingdom and Ireland and Asia. It was inconsistently present for women born
in Europe other than the United Kingdom and Ireland, the Middle East and North
Africa and the Rest of the World, and least likely to be present for women born in
the Rest of the World.
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Figure 2.3 Trends in age-adjusted cervical cancer incidence and mortality by broad age
categories in NSW women, 1973-2008
Fig 2.3a All ages

Incidence: APC1=-2.28 (-2.66, -1.91)

APC2=-4.67 (-5.12, -4.23)

Mortality: APC1=-2.94 (-3.46, -2.43)

APC2=-4.62 (-5.24, -4.00)
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Fig 2.3b 20-49 years of age

Incidence: APC1=-2.15 (-2.73, -1.57)

APC2=-4.79 (-5.48, -4.09)

Mortality: APC1=-1.26 (-2.46, -0.05)
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Fig 2.3c 50-69 years of age

APC2=-4.92 (-5.72, -4.11)

Mortality: APC1=-4.03 (-4.90, -3.15)

APC2=-4.11 (-5.23, -2.99)
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Fig 2.3d 70+ years of age

APC2=-4.12 (-5.16, -3.07)

Mortality: APC1=-2.74 (-3.75, -1.72)

APC2=-4.21 (-5.34, -3.07)

0

2

5

10

20

40

All NSW cases 70+ yrs
Incidence: APC1=-1.26 (-2.26, -0.26)

1975

1980

1985

1990

1995

Year
Incidence: Observed
Mortality: Observed
Tests of APC1=APC2: P(incidence)=0.0020, P(mortality)=0.13

94

Fitted
Fitted

2000

2005

Figure 2.4 Trends in age-adjusted cervical cancer incidence and mortality in all ages by
region of birth in NSW women, 1973-2008
Fig 2.4a Australia

Incidence: APC1=-2.25 (-2.68, -1.81)
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Fig 2.4b UK& Ireland

APC2=-4.14 (-5.68, -2.57)

Mortality: APC1=-2.28 (-3.87, -0.66)

APC2=-7.91 (-10.16, -5.60)
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Fig 2.4c New Zealand

APC2=-5.06 (-7.95, -2.08)

Mortality: APC1=-0.09 (-5.26, 5.37)

APC2=-4.42 (-9.15, 0.56)
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Fig 2.4d Europe

APC2=-3.47 (-4.93, -1.99)

Mortality: APC1=-4.68 (-6.30, -3.03)
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Fig 2.4e Middle East and North Africa
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Fig 2.4f Asia
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Fig 2.4g Rest of the world
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Table 2.2 Annual percent change (APC) in age-adjusted cervical cancer incidence and mortality by region of birth and broad age categories before
and after organised screening in NSW
APC (95% CI) incidence trends
APC (95% CI) mortality trends
Age group
Region of birth
Before organised
After organised
P value
Before organised
After organised
P value
screening
screening
screening
screening
All ages
All regions
Australia
New Zealand
United Kingdom/ Ireland
Europe
Middle East/ North Africa
Asia
Rest of the world

-2.28(-2.66,-1.91)
-2.25(-2.66,-1.81)
-1.60(-4.58,1.46)
-1.86(-3.09,-0.61)
-3.40(-4.57,-2.21)
-2.36(-5.72,1.12)
-1.45(-3.69,0.84)
-2.45(-5.48,0.67)

-4.67(-5.12—4.23)
-4.81(-5.34,-4.27)
-5.06(-7.95,-2.08)
-4.14(-5.68,-2.57)
-3.47(-4.93,-1.99)
-8.49(-11.99,-4.85)
-6.39(-7.91,-4.85)
-0.39(-2.82,2.11)

<0.0001
<0.0001
0.20
0.073
0.95
0.050
0.0033
0.41

-2.94(-3.46,-2.43)
-2.80(-3.39,-2.20)
-0.09(-5.26,5.37)
-2.28(-3.87,-0.66)
-4.68(-6.30,-3.03)
0.34(-6.52,7.69)
-0.85(-5.04,3.52)
-7.51(-11.70,-3.13)

-4.62(-5.24,-4.00)
-4.84(-5.37,-3.90)
-4.42(-9.15,0.56)
-7.91(-10.16,-5.60)
-3.30(-5.22,-1.33)
-2.99(-8.06,2.37)
-6.52(-9.26,-3.71)
2.11(-1.92,6.31)

0.0011
0.0024
0.35
0.0014
0.40
0.55
0.069
0.013

All regions
Australia
New Zealand
United Kingdom/ Ireland
Europe
Middle East/ North Africa
Asia
Rest of the world

-2.15(-2.73,-1.57)
-2.11 (-2.75, -1.47)
-3.42 (-7.33, 0.65)
0.34 (-1.84,2.57)
-1.52 (-3.38, 0.36)
-5.76 (-10.26, -1.03)
-3.67 (-6.74, -0.49)
-1.26 (-5.57,3.25)

-4.79(-5.48,-4.09)
-5.99 (-5.78, -4.21)
-3.77 (-7.56, 0.17)
-3.48(-5.99, -0.90)
-4.09 (-6.81, -1.30)
-9.96 (-16.17, -3.30)
-4.45 (-6.69, -2.6)
-0.05 (-3.40, 3.41)

<0.0001
<0.0001
0.92
0.074
0.22
0.40
0.74
0.73

-1.26(-2.46,-0.05)
-0.80 (-2.17, 0.60)
-1.92 (-11.54, 8.74)
3.90 (-1.23, 9.29)
-4.60 (-8.02, -1.04)
15.21 (-3.09, 36.97)
-4.15 (-11.54, 3.86)
-10.06 (-17.43,2.04)

-6.16(-7.58,-4.72)
-6.16 (-7.80, -4.50)
-4.76 (-13.37, 4.70)
-12.60 (-19.03, -5.66)
-2.23 (-7.55, 3.40)
-27.35 (-43.13, -7.19)
-4.79 (-10.27, 1.04)
1.80 (-6.50, 10.83)

<0.0001
<0.0001
0.74
0.0020
0.56
0.0092
0.91
0.12

All regions
Australia
New Zealand
United Kingdom/ Ireland
Europe

-2.58(-3.50,-2.20)
-2.88 (-3.62, -2.14)
2.41 (-3.80, 9.03)
-3.89 (-5.86, -1.88)
-5.61 (-7.34, -3.85)

-4.92(-5.72,-4.11)
-5.04 (-6.00, -4.06)
-8.61(-14.27,-2.58)
-4.75 (-7.44,-2.00)
-3.57 (-5.75, -1.33)

0.0018
0.0056
0.046
0.69
0.26

-4.03(-4.40,-3.15)
-3.91 (-4.92, -2.90)
1.86 (-8.60, 13.52)
-4.34 (-7.17, -1.43)
-5.90 (-8.49, -3.24)

-4.11(-5.23,-2.99)
-4.11 (-5.45, -2.76)
-1.05 (-9.34, 7.99)
-7.83 (-12.13, -3.32)
-4.11 (-7.44, -0.66)

0.92
0.85
0.75
0.29)
0.51

Middle East/ North Africa

2.84 (-3.57, 9.68)

-9.13 (-13.99, -4.61)

0.019

-5.63 (-16.11, 6.16)

4.39 (-4.54, 14.16)

0.29

Asia

0.26 (-3.30, 3.97)

-8.88 (-11.31, -6.38)

0.0007

1.80 (-5.27, 9.40)

-9.59 (-4.18, -4.75)

0.031

Rest of the world

-4.69 (-9.43, 0.30)

-1.14 (-5.28, 3.18)

0.40

-3.45 (-10.84, 4.54)

0.22 (-5.73, 6.53)

0.56

20-49 years of age

50-69 years of age
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Table 2.2 continued
Age group

Region of birth

APC (95% CI) incidence trends
Before organised
After organised
screening
screening

APC (95% CI) mortality trends
P value
Before organised
After organised
screening
screening

P value

70+ years of age
All regions
Australia
New Zealand
United Kingdom/ Ireland
Europe
Middle East/ North Africa
Asia
Rest of the world

-1.26(-2.26,-0.26)
-1.27 (-2.37, -0.14)
-1.88 (-9.04, 5.85)
-1.67 (-4.09, 0.81)
-3.78 (-7.29, -0.14)
-2.44 (-11.98, 8.13)
9.27 (-0.66, 20.19)
0.59 (-9.91, 12.32)

-4.12(-5.16,-3.07)
-4.11 (-5.30, -2.91)
-4.37 (12.37, 4.35)
-4.19 (-7.17,-1.11)
-2.26 (-5.46, 1.06)
-8.79 (-17.36, 0.66)
-9.39 (-13.44, -5.16)
-1.66 (-8.99, 6.26)

100

0.0020
0.0065
0.73
0.31
0.62
0.46
0.0026
0.79

-2.74(-3.75,-1.72)
-2.75 (-3.92, -1.57)
0.47 (-9.22, 11.19)
-2.42 (-4.99, 0.21)
-2.70 (-6.50, 1.25)
-2.49 (-15.91,13.08)
0.36 (-10.20, 12.17)
-10.83 (-20.67,0.24)

-4.21(-5.34,-3.07)
-4.19 (-5.51, -2.84)
-12.94 (-25.31, 1.47)
-6.55 (-10.04, -2.94)
-3.65 (-7.00, -0.17)
-1.58 (-11.69, 9.70)
-4.50 9-10.30, 1.67)
4.86 (-5.73, 16.62)

0.13
0.21
0.20
0.14
0.77
0.94
0.52
0.12

2.4 Discussion
We used data from the NSW Central Cancer Registry (CCR) to evaluate trends in
incidence and mortality of cervical cancer by region of birth in NSW over the period
from 1973 to 2008, before and after the introduction of organised screening program
in 1991. Organised cervical screening introduced from 1991 was effective in
reducing the incidence and mortality of the cervical cancer in the whole population
of women 20+ years of age in NSW, although there was only weak evidence for a
fall in mortality in women 50+ years of age. Women born in Asia, the Middle East
and North Africa appeared to have shared in these reductions to a similar degree to
Australian-born women. The pattern was consistently present for incidence and
mortality and by age in women born in Australia, New Zealand, the United Kingdom
and Ireland and Asia. It was inconsistently present for women born in Europe other
than the United Kingdom and Ireland, the Middle East and North Africa and the Rest
of the World, and least likely to be present for women born in the Rest of the World.
Previous Australian research has reported that after the introduction of organised
screening in Australia in 1991, cervical cancer incidence and mortality rates among
women 20 years of age and older fell by about 35% (10, 11). However these trends
have not been studied for country of birth. Prior Australian studies have also found
disparities in incidence of cervical cancer by country of birth (19-21, 32) but they did
not analyse time trends. Our study included more than 30 years of data from a high
quality cancer registry covering a large population. The period for which cancer
registry data was available also included 18 years before and 17 years after
introduction of an organised approach to cervical screening; thus trends before and
after introduction of an organised approach could be modelled with good precision in
a range of groups of migrant women.
A number of international studies in diverse populations have also documented
disparities in cervical cancer incidence and mortality between migrant women and
native-born women (12-18). Most of them, however, have not reported on trends by
country of origin. We found just 4 studies relatively comparable with our study
which either examined incidence trends of cervical cancer by ethnicity using
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standardised rate ratios (SRR) or calculated annual percent change (APC). One study
also examined declines in incidence and mortality of cervical cancer among
subgroups of Asian women.
A New Zealand study (33) examined trends in inequalities in cancer incidence
from 1981-1986 to 2002-2004 in 4 groups: European/Other, Maori, Pacific, and
Asian. The investigators found that, compared to European/Other women, Maori,
Pacific, and Asian women had higher incidence rates of cervical cancer in 20022004. However, the SRR comparing Maori with European/Other women declined
with time, as did that for Pacific women. In contrast, cervical cancer rates increased
among Asian women relative to European/Other women over time.
McDougall et al (12) examined trends in incidence of cervical cancer by ethnicity
in the US between 1992 and 2003 based on information from the 13 cancer
registries. They found similar falls in incidence of cervical cancer overall and in
squamous cell carcinoma across four different race/ethnic groups, Non-Hispanic
whites, Hispanic whites, African-American, and Asian/Pacific Islander, over the
period of study. However declines were more pronounced among Asian/pacific
Islanders. In them, the overall annual decline was 5%, and for squamous cell
carcinoma it was 6.1%) compared to annual declines for the other three racial/ethnic
groups which were 3.7% to 2.5% overall and 3.7% to 3.4 % for squamous cell
carcinoma.
A second US study (14), which examined cervical cancer incidence trends by
combined race and ethnicity including Hispanic/all races, Non-Hispanic/white, nonHispanic/black, non-Hispanic/other using a dataset from 22 state cancer registries. A
significant decrease in overall incidence of cervical cancer in 2000-2004 compared
to 1995-1999 was observed for all race/ethnic groups (rate ratio 0.83, 95% CI 0.820.84). Incidence rates of cervical cancer during 2000-2004 compared to 1995-1999
fell in all four race/ethnic groups ranging from 0.75 (95% CI 0.70.-.0.79.) for NonHispanic/other to 0.84 (95% CI 0.82-0.85) for non-Hispanic/ white.
A third US study examined the incidence and mortality of cervical cancer among
Asian subgroups in California in 1990 to 2004. In that study incidence and mortality
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of cervical cancer was higher among Vietnamese and Korean women than in nonHispanic white women, but they all showed significant falls in rates in during the
period. The APCs in the rates were respectively -8.7% for Vietnamese which was the
greatest decline, -5.1% among Koreans, -4.6% among Filipinos, -5.4% for Chinese.
It was -2.3% among non-Hispanic Whites (16).
Our results are similar to those of these studies from New Zealand and the USA in
showing that while there were ethnic disparities in cervical incidence and mortality,
cervical cancer rates fell over time in all ethnic groups studied. However our study is
different from these studies because it includes a comparison of trends before and
after the introduction of an organised screening program in 1991. In the US cervical
screening is opportunistic with high coverage. In New Zealand organised screening
for cancer of the cervix was introduced in 1990, however the aim of the New
Zealand study was not to compare the trends in incidence of cervical cancer in regard
to screening policies over the time.
In our study, there were falls in both incidence and mortality preceding 1991,
which were observed in all age groups and ethnic groups. Overall, patterns of change
before and after 1991 were generally similar for incidence and mortality rates. The
downward trend in cervical cancer incidence and mortality before 1991 were
probably due to an impact of opportunistic screening during this period, which may
have increased followed by the introduction of Universal Health Insurance in 1975
and the reimbursement of the cost of cervical cytology. Increased access to treatment
of cervical cancer precursors and cervical cancer itself also could be another
explanation for the reduction in mortality.
There were differences by age in the falls in incidence and mortality before and
after 1991. Incidence fell more steeply after 1991 in each of the age categories 20-49
years, 50-69 years and 70+ years. For mortality however, this steeper fall after 1991
was observed only in age group 20-49 years; it was barely evident in women aged
50-69 and 70+ years. Previous work also showed greater declines in incidence of
cervical cancer in the different age groups after introduction of organised screening
(10, 11). In a study by Taylor et al (10) a decline in cervical cancer incidence (-10%)
and mortality (-20%) in NSW was observed following the introduction of universal
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health care in 1975, which may reflect effects of better access to cervical screening,
earlier access to diagnosis and treatment services and better treatment. They found a
remarkable fall in incidence after the introduction of the cervical screening program
in NSW in 1992.
Greater declines in mortality from cervical cancer in young women after 1991,
which were also reported in other research (34, 35), are probably due to higher
utilization of cervical screening. The comparative absence of greater declines in
cervical cancer mortality in older women after 1991 may be due to less screening
(36-38) and less effective screening in older women (39), although the first, at least
should also affect incidence trends, or to poorer survival in older women due to more
advanced disease at diagnosis (40), more co-morbidities and less effective treatment
(41). Changes in sexual behaviour might have contributed to incidence and mortality
trends during this period. There is evidence from studies both in and outside
Australia that mortality from cervical cancer among young women was increasing
just before or in the early of this period (42-45) due, perhaps, to the changes in
sexual mores that occurred during and after the Second World War. It is possible,
though, that increasing condom use after beginning of the epidemic of HIV infection
during the 1980s (46) could have contributed to the downtrends in the 1990s.
Incidence of cervical cancer fell more after than before 1991 in almost all regions
of birth except in women born in Europe (other than UK and Ireland), who showed a
steady downtrend in incidence across the two periods, and in women born in the Rest
of the World, who showed almost no fall in incidence after 1991. Mortality trends
generally followed incidence trends except in women born in the Middle East and
North Africa, who showed much less fall in mortality than in incidence after 199I,
and in women born in the Rest of the World, in whom mortality rose after 1991, but
mortality rose while incidence fell only a little. As with older women, less of a down
trend in mortality than incidence might perhaps be explained by a higher prevalence
of advanced stage cancer at diagnosis and poorer treatment in the relevant ethnic
groups (47, 48). In addition, very little fall in incidence and an increase in mortality
from cervical cancer in women from the Rest of the World after 1991 may reflect
recent changes in patterns of migration to Australia. Many women classified as from
the Rest of the World came from African and Latin America countries where
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cervical cancer is very common (2). The numbers of migrants from these areas have
increased in the last two decades (49); for example the highest number of migrant
from African countries (except North Africa) arrived to Australia after 1996 (50).
These women will reflect the risk of cervical cancer incidence and death of their
home region for some time after coming to Australia.
The main strength of this study is the capacity it provides to make a unique
comparison of trends in cervical cancer incidence and mortality before and after the
1991 and the extension of this comparison to various groups of women born
overseas to see whether they shared in the falls in incidence and mortality that
followed introduction of an organised approach to cervical screening.
It is a limitation of the study that we were unable to adjust for hysterectomy in the
women. However, surveys of the prevalence of hysterectomy have been done in
NSW only since 1997. The overall hysterectomy rate in women aged 20-69 in 2008
was estimated at 11.9% (51). In addition at the time of doing this work, data on the
proportion of women who had undergone hysterectomy in different calendar year
was unavailable by age and country of birth jointly; thus we were unable to exclude
women who had undergone hysterectomy from the population at the level of detail
required for this analysis. In addition, we were not able to address possible
confounding of trends by country of birth by, for example, trends by socioeconomic
status and area of residence. Information on socioeconomic status based on SEIFA
was not available from the CCR for years before 1980 and classification of area of
residence based on ARIA was only available from 2000 in the Central Cancer
Registry. However, we judge confounding by these trends to be unlikely to explain
the observed change in trends after 1991.
In conclusion, our study may provide insights into trends in cervical cancer
incidence and mortality by country of birth and the way those trends were influenced
by introduction of an organised program of cervical screening. Although women
from almost all regions of birth appeared to have shared to some degree the benefits
of organised screening, there were differences in trends in incidence and mortality by
birthplace. Further studies might help to explain why there was little or no decline in
mortality in age groups 50-69 and 70+ after 1991 and to identify why mortality rates
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fell only a little in women from the Middle East and North Africa and increased in
women from the Rest of the World. While changes in trends after 1991 cannot be
attributed unequivocally to organised screening, they could be taken as sufficiently
persuasive for countries that do not have an organised screening –program to
consider establishing one.
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CHAPTER 3

Participation in recommended cervical
screening by Asian and Middle Eastern
migrants in Australia: A record linkage study
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3.1 Introduction
Record linkage was first described in detail in 1946 (1); it is the process of
merging two or more records for the same person. The potential for record linkage
varies between countries depending on the volume and nature of routine data
collection and privacy policies (2). Record linkage is useful for amalgamating data
required for studies of health care use, epidemiology of disease and for longitudinal
follow up of cohorts of various kinds. It can be a quick and cost-effective alternative
to research involving primary data collection (3, 4). It supports investigations in
whole populations or specific population sub-groups such as young, disadvantaged,
and migrant people (5). In Australia, record linkage dates back to the 1970s (6); the
first comprehensive data linkage system was established in 1995 in Western
Australia (7).
Maintaining the health of different ethnic groups is one of the principal elements
of health equity (8). A number of studies in developed countries have observed
reduced participation rates for cervical screening in migrant women (9-14); they are
probably due to a range of underlying factors, including socio-cultural influences
(15). However, research on screening behaviour in migrant groups is often limited by
problems of sample size, difficulty in verifying country of birth, inclusion of only
one group of migrants, and cultural and linguistic barriers.
The organized Australian National Cervical Screening Program was established in
1991. It currently recommends that ―all sexually active women aged 18 to 70 years
have 2-yearly screening‖(16). Screening is generally done by primary care
practitioners and each instance of screening and its result is registered in a statebased Pap test register, unless the woman opts off the register, which about 0.8% of
women do (17). If a woman does not attend for screening at the recommended
interval, a reminder letter is sent by the register at 27 months after the last screening
test. The overall rate of participation in the program is relatively high; 2-yearly
participation was 61.2% in women aged 20-69 over the two years 2007 and 2008
(18). Part or all of the cost of screening with conventional cytology is reimbursed by
Medicare, Australia‘s universal health care system.
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Our objective in this study was to evaluate cervical screening in Middle Eastern
and Asian migrant women in Australia, who constitute about 56% of women of nonEnglish speaking background resident in Australia, aged 20-69 years in 2006 (19).
However, Pap test registers do not collect information on country of birth because it
is not collected by cytology laboratories, the sources of information for the registers.
Thus, to obtain both the birthplace and screening history of a sample of women it
was necessary to link data in a Pap test register with data in another health data
collection that included country of birth. Because of uncertainty about how well any
health data collection might represent the frequency of, and relationships between,
events in the general population, we used two different data collections that included
country of birth.

3.2 Methods
3.2.1 Data sources and study population
For our primary analysis, we obtained de-identified linked data from the NSW
Pap Test Register (PTR) and the NSW Midwives Data Collection (MDC) through
the NSW Centre for Health Record Linkage (CHeReL) (20). The PTR, which has
operated since 1996, contributed dates and results of cervical cytology and
histopathology tests performed in NSW (21). The MDC, which collects standard
data for every woman who gives birth in NSW, contributed age, country of birth,
parity, and smoking behaviour (20). For a secondary analysis, we also used the
linked register data to the NSW Admitted Patients Data Collection (APDC), which
collects information on all inpatient separations from all public and private hospitals,
day procedures centres and public nursing homes in NSW. APDC provided country
of birth (20). For both the MDC and APDC, country of birth is self-reported on
contact with the health service.
The CHeReL uses probabilistic record linkage to match personally identifying
details – such as name, date of birth, gender and residential address – from different
databases to create a unique linkage key, which links records for the same person in
different databases (22). It sends coded dataset-specific and project-specific linkage
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keys to the relevant data custodians, who provide the required data items from the
required records to the investigators, identified only by the project specific linkage
keys. The investigators use these keys to link the different datasets for analysis
without use of or access to personally identifying details. These operations accord
with a best-practice privacy-preserving protocol (23).
For the primary analysis, two cohorts of women were selected from the MDC.
One comprised 12,541 women aged 20-69 years who gave birth between 1 January
2000 and 31 December 2000 and were born in one of 40 countries in Asia or the
Middle East (24). The other comprised 12,143 Australian born women who were
selected randomly to match the distribution of the overseas born women by age and
local government area of residence. There were fewer women in this sample because
the numbers in some categories of age and local government area were insufficient
to match those of the migrant women. The two cohorts were then linked to the Pap
Test Register (PTR) for the calendar years 1996 to 2006. In parallel, they were
linked to records of the state Death Register for the calendar period 2000 to 2006 to
permit exclusion of women who had died after giving birth or during the follow-up
period.
For the secondary analysis, two cohorts of women less than 40 years of age
(96.5% of women in the MDC cohorts were <40 years of age) who were admitted to
hospital between 1 July 2000 and 30 June 2001 were selected from the APDC
(APDC records are compiled for fiscal years, 1 July to 30 June). A total of 22,569
were born in Asian or Middle Eastern countries and 22,266 were selected as matched
Australian born women using the same approach as for the MDC. The APDC
cohorts were then linked to the Pap Test Register (PTR) the state Death Register for
the same periods as the MDC was, and to the MDC for the period calendar 1996 to
2006 to obtain parity information.
The NSW Population and Health Services Research Ethics Committee and the
University of Sydney Human Research Ethics Committee approved the project.
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3.2.2 Statistical analyses
Age was classified as: 20-24 years, 25-29 years 30-34 years 35-39 years, and 40+
years. The age group 35-39 years was used as the reference group for comparison
because it has the highest cervical screening participation rate among younger
women (17). Country of birth was classified into one of three regions: Australia, the
Middle East (including: Lebanon, Iraq, Iran, Egypt, Turkey, Syria, Yemen, Jordan,
Saudi Arabia, Gaza Strip, Israel, Qatar, Oman, United Arab Emirates, Kuwait and
West Bank) and Asia. Asian countries were further classified into three sub-regions:
South-East Asia (including The Philippines, Vietnam, Cambodia, Indonesia,
Malaysia, Laos, Brunei, Burma, Singapore and Thailand), North-East Asia
(including China, South Korea, North Korea, Taiwan, Japan, Hong Kong and
Macau) and South-Central Asia (including Sri Lanka, Bangladesh, India, Pakistan,
Afghanistan, Maldives and Nepal) (24). Parity was classified as: 1, 2 and 3 or more
births (including live births and stillbirths of at least 20 weeks or at least 400 grams
birth weight) for the primary analysis using the MDC data. Parity included the birth
recorded in the MDC in the year 2000 that led to inclusion in this analysis. In the
analysis using the APDC data, parity was classified as: 0, 1, 2, and 3 or more;
women who had no records in the MDC were considered to be nulliparous.
Socioeconomic status (SES) was classified in five quintiles of the Australian Bureau
of Statistics‘ index of relative socioeconomic disadvantage (IRSD) for areas based
on the 2001 Australian Census (25). The IRSD is classified according to the local
government area of residence and is based on income, education, attainment, degree
of unemployment and ownership of motor vehicles (25). Women were classified as
non-smokers (past or never smokers) or current smokers during the pregnancy
recorded in the MDC in 2000.
Women who died after giving birth or during the follow-up period (calendar
2000-2006 for MDC and 2000-2006 for APDC) were excluded from the analyses, as
were women with an abnormal cervical screening test or unsatisfactory result in the
5 years preceding their first cervical screen in the follow up period. The latter two
exclusions were made because a prior abnormal or unsatisfactory test could have led
to a recommendation for more frequent cervical screening during the follow-up
period.
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Primarily we assessed the relationship between country of birth and being
screened in accordance with Program recommendations. Women were considered to
have been so screened if they had a Pap test register record of screening in CYs 2001
and 2002; that is, they had been screened in a 2-3 year period after they gave birth.
In the MDC analysis, we also assessed the relationship between country of birth and
screening in later periods (3-4 years or 5-6 years from the beginning of 2001). Odds
ratios (ORs) for attending for screening within a defined interval were calculated
according to a number of baseline variables, including age, country of birth, parity,
smoking and SES. Unconditional logistic regression was used to calculate odds
ratios for each variable as unadjusted, age-adjusted and adjusted for all baseline
variables. We also examined the interaction between region of birth and SES.
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3.3 Results
3.3.1 Analyses based on the MDC cohort
The 12,541 migrant women and 12,143 Australian-born selected from the MDC
were broadly similar by age, parity, and SES (Table 3.1). The average ages of
overseas-born and Australian-born women were 31.1(SD=5.2) years and 30.9
(SD=5.0) years respectively. Compared with Asian born women Middle Eastern
women were younger, had higher parity and were of lower SES. Migrant women
were much less likely to have smoked in pregnancy (3.4%) than Australian-born
women (14.1%).
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Table 3.1 General characteristics of women born in Middle Eastern and Asian countries compared to Australian-born women- Women from
the Midwives Data Collection
Australian-born women
Asian- born women
The Middle Eastern-born
women
N
%
N
%
N
%
Age
20-24
1597
13.2
918
9.7
685
22.1
25-29
3798
31.3
2845
30.1
952
30.7
30-34
4101
33.8
3224
34.1
878
28.4
35-39
2227
18.3
2050
21.7
456
14.7
40+
420
3.5
407
4.3
126
4.1
Parity
1
5015
41.4
4241
45
942
30.7
2
4142
34.2
3552
37.7
919
29.7
3+
2960
24.4
1632
17.3
1231
39.8
Smoking
No
10339
85.1
9297
98.4
2818
91
Yes
1802
14.8
146
1.6
279
9
Socioeconomic Status
1
1556
12.8
1324
14
223
7.2
2
2296
18.9
2011
21.3
280
9
3
540
4.5
387
4.1
176
5.7
4
2921
24.1
1999
21.2
1021
33
5
4836
39.8
3723
39.4
1397
45.1
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With the exclusion 16 migrant women and 20 Australian-born women who had
died, and 650 women who had a history of any abnormal cervical screening test and
1759 women with an unsatisfactory cervical screening test in the 5 years preceding
their first cervical screen in the follow up period, there were 11,477 migrant women
and 10,762 Australian-born women available for the primary analysis. Of these
women, 6,879 migrant women and 6,834 Australian born had at least one cervical
screen in the period 2001-2002.
Women from the Middle East and Asia had fewer cervical screens in 2001-2002:
an average of 0.72 compared with 0.76 in Australian-born women (Table 3.2). The
crude ORs for any cervical screen in this period, relative to Australian-born women,
were 0.85 (95% confidence interval (CI) 0.79-0.93) for migrants from the Middle
East and 0.86 (95% CI 0.81-0.91) for migrants from Asia (Table 3.2). Adjustment
for age, parity, SES and smoking had little or no effect on the OR for migrants from
the Middle East but reduced the OR for migrants from Asia to 0.74 (95% CI 0.700.79). This fall in OR was mainly due to the addition of smoking to the multivariable
model. Among migrants from Asia, the crude and adjusted ORs were appreciably
lower for women from South-Central Asia – fully adjusted OR 0.54 (95% CI 0.480.61) – than for women from other parts of Asia (particularly South East Asia), or
the Middle East.
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Table 3.2 Mean number of Pap-tests and odds ratios for one or more Pap tests with reference to no Pap test within a two-three period year, by
region of birth, age, parity, smoking and socioeconomic status – Women from the NSW Midwives Data Collection
Mean
95% CI
Screened/
OR (1)† 95% CI
OR (2)
95% CI
OR (3)
95% CI
Smears
unscreened*
Region of birth
Australia
The Middle East
Asia
P-value¥
South East Asia
North East Asia
South central Asia

0.76
0.72
0.72
<0.001
0.74
0.74
0.57

0.74-0.77
0.69-0.74
0.70-0.73

6834/3928
1704/1146
5175/3452

1
0.85
0.86
<0.001
0.93
0.90
0.61

0.79-0.93
0.81-0.91

0.72-0.76
0.72-0.77
0.53-0.61

2705/1665
1774/1129
696/665

20-24
25-29
30-34
35-39
40+
P-value

0.66
0.72
0.76
0.78
0.77
<0.001

0.63-0.68
0.70-0.73
0.74-0.77
0.76-0.80
0.72-0.81

1
2
3+
P-value

0.76
0.75
0.68
<0.001

No
Yes
P-value

0.75
0.55
<0.001

1
0.89
0.85
<0.001
0.93
0.86
0.61

0.81-0.97
0.80-0.90

1615/1336
4162/2729
4661/2668
2737/1481
538/312

0.65
0.83
0.95
1
0.93
<0.001

0.59-0.72
0.76-0.89
0.87-1.02.
0.80-1.09

0.65
0.83
0.95
1
0.93
<0.001

0.74-0.77
0.73-0.76
0.66-0.69

5841/3386
4865/2871
2998/2265

1
0.98
0.77
<0.001

0.92-1.05
0.72-0.82

0.74-0.76
0.52-0.58

12801/7452
911/1073

1
0.49
<0.001

0.45-0.54

0.87-1.00
0.83-0.98
0.54-0.68

1
0.88
0.74
<0.001
0.83
0.74
0.54

0.81-0.97
0.70-0.79

0.59-0.72
0.76-0.89
0.87-1.02.
0.80-1.09

0.60
0.76
0.91
1
0.98
<0.001

0.54-0.66
0.70-0.83
0.84-0.98
0.84-1.15

1
0.92
0.69
<0.001

0.86-0.98
0.64-0.74

1
0.95
0.74
<0.001

0.89-1.01
0.68-0.80

1
0.51
<0.001

0.46-0.55

1
0.48
<0.001

0.44-0.53

0.87-1.00
0.79-0.94
0.55-0.68

0.77-0.90
0.67-0.80
0.48-0.61

Age

Parity

Smoking**
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Table 3.2 Continued
Mean
Smears

95% CI

Screened/
unscreened*

OR (1)†

95% CI

OR (2)

95% CI

OR (3)

95% CI

0.77
0.73
0.70
0.73
0.73
0.001

0.74-0.80
0.71-0.75
0.65-0.74
0.71-0.75
0.72-0.75

1788/968
2557/1582
587/400
3302/2082
5479/3494

1
0.88
0.79
0.86
0.85
0.004

0.79-0.97
0.68-0.92
0.78-0.94
0.78-0.93

1
0.89
0.83
0.90
0.90
0.14

0.81-0.99
0.72-0.97
0.82-0.99
0.82-0.98

1
0.90
0.89
0.96
0.99
0.28

0.82-1.00
0.76-1.03
0.87-1.06
0.90-1.08

Socioeconomic Status§
1
2
3
4
5
P-value for trend

*Number of women screened once or more within a two-three year period/number of women unscreened (no smear in two years). Numbers obtained by
adding together categories for each variable may not always add to total sample size due to missing data.
†
OR (1) Crude; OR (2) Adjusted for age; OR (3); Adjusted for age, parity, socioeconomic status, smoking and region of birth.
§
1 is the highest socioeconomic status and 5 is lowest. ¥P-values are for heterogeneity unless stated otherwise.
**Smoking during pregnancy
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Similar relationships between region of birth and screening were obtained when
the analysis was repeated for cervical screening in 2001-2003 and 2001-2006,
intervals of 3-4 and 5-6 years after the year 2000, respectively (results not shown).
Relative to Australian-born women, the fully adjusted ORs for Middle Eastern
women being screened at least once in 2001-2003 or 2001-2006 were 0.84 (95% CI
0.76-0.92) and 0.87 (95% CI 0.78-0.97) respectively. Correspondingly the ORs for
Asian-born women were 0.70 (95% CI 0.66-0.75) and 0.67 (95% CI 0.63-0.73).
Considering other variables included in the analysis, women aged 20-24 to 30-34
years (but not women aged 40+ years) had fewer cervical screens in 2001-2002 than
women 35-39 years of age after adjusting for all other variables (Table 2); the lowest
OR was in women 20-24 years, 0.60 95% CI 0.54-0.66. Smokers were less likely to
be screened than non-smokers (fully adjusted OR 0.48, 95% CI 0.0.44-0.53). In
addition, as parity increased from 2 to 3 or more the fully adjusted OR fell: OR after
3 or more babies relative to 1 was 0.74 (95% CI 0.68-0.80). The odds of cervical
screening were highest in those of highest SES (the reference category) and less in
all other SES quintiles (Table 3.2). While there was somewhat of a trend for falling
crude and age-adjusted ORs with increasing disadvantage, this trend was barely
evident in the fully-adjusted ORs. This shift in the ORs was mainly due to the
presence of smoking in the fully adjusted model.
When women were categorized by both region of birth (Australia and Middle
East or Asia) and SES (high; the first 3 quintiles, and low; the two last quintiles), and
this composite variable included in the fully adjusted model (in place of region of
birth and SES as separate variables), the relationships between region of birth, SES
and cervical screening became clearer (Table 3.3). Relative to Australian-born
women of high SES, Australian-born women of low SES had a reduced OR of being
screened, 0.90 (95% CI 0.83-0.98). The ORs in migrant women were lower again,
but with little suggestion of greater, and possibly less, screening in higher SES
women than lower SES women: ORs respectively 0.64 (95% CI 0.59-0.71) and 0.78
(95% CI 0.72-0.85). The p-value for the interaction of region of birth and SES was
<0.001 (region of birth, SES and their interaction included instead of the composite
variable in the fully adjusted model).
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Table 3.3 Odds ratios for having one or more Pap tests with reference to no Pap test
within a 2 or 3 year period by region of birth and socioeconomic status
Screened/
OR (1)† 95% CI
OR (2)
95% CI
unscreened*
2591/1273
1
1
Australian born high
SES* women
Australian-born low
SES women

4243/2655

0.79

0.72-0.85

0.90

0.83-0.98

Migrant high SES
women

2341/1677

0.69

0.63-0.75

0.64

0.59-0.71

4538/2921
0.64
0.70-0.83
0.78
0.72-0.85
Migrant low SES
women
*Number of women screened once or more within a two-three year period/number of women
unscreened (no smear in two years). †OR (1) Crude; OR (2) Adjusted for age parity and
smoking, *SES: socioeconomic status

We also examined interactions of region of birth with smoking and with parity in
the same way. Relative to Australian born non smokers (OR1), Australian-born
smokers had a reduced OR of being screened, 0.40 (95% CI 0.36-0.44). The ORs for
migrant women were 0.75 (95% CI 0.71-0.80) for non-smokers and 0.53 (95% CI
0.43-0.65) for smokers. The p for interaction was <0.001. Considering parity,
relative to Australian born uniparous women (OR1) the OR for screening in
Australian-born multiparous women was 0.77 (95% CI 0.71-83). The ORs for
migrant women were uniparous 0.73 (95% CI 0.67-0.80), and multiparous 0.74
(95% CI 0.68-0.80). The p for interaction was <0.001.
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3.3.2 Analyses based on the APDC cohort, for women <40
years
The average ages of the APDC cohort for women <40 were 30.8 years (SD=5.2)
in overseas-born and 30.8 years (SD=5.2) in Australian-born women. Their average
numbers of cervical screens in fiscal years (FYs) 2001-2002 were respectively 0.56
and 0.58.
As in the MDC data, the odds of being screened in 2001-02 in women born in
Asian countries (fully adjusted OR 0.86, 95% CI 0.82-0.90), particularly South
Central Asia (fully adjusted OR 0.68, 95% CI 0.62-0.74), were less than in
Australian-born women (Table 3.4). However, the odds of women born in the
Middle Eastern being screened were not less than in Australian-born women (full
adjusted OR 1.01, 95% CI 0.94-1.08). Each of these ORs was 0.11 to 0.13 greater
than the corresponding OR for the MDC cohort.
Table 3.4 Odds ratios for having one or more Pap tests with reference to no Pap test
within a 2 or 3 year period by region of birth - Women from the NSW Admitted
Patients Data Collection
OR (1)†
95% CI
OR (2) 95% CI
OR (3) 95% CI
Region of birth
Screened/
unscreened*
Australia

9246/9529

1

-

1

-

1

-

The Middle East

2565/2383

1.11

1.04-1.18

1.15

1.08-1.22

1.01

0.94-1.08

Asia

6952/8007

0.89

0.86-0.93

0.89

0.85-0.93

0.86

0.82-0.90

P-value¥

<0.001

<0.001

<0.001

South East Asia

3446/3653

0.97

0.92-1.03

0.99

0.93-1.04

0.94

0.89-0.99

North East Asia

2416/2809

0.87

0.83-0.94

0.86

0.81-0.91

0.85

0.80-0.91

South Central
Asia

1090/1545

0.73

0.67-0.79

0.72

0.67-0.79

0.68

0.62-0.74

*

Number of women screened once or more within a two-three year period/number of
women unscreened (no smear in two years).
†
OR (1) crude; OR (2) adjusted for age; OR (3); adjusted for age, parity, socioeconomic
status, childbirth in 2001-2003 and region of birth.
¥
P-values are for heterogeneity

Associations of SES and parity with cervical screening were also observed in the
APDC cohort (data not shown) and were similar to those in the MDC cohort. When
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the interactions were examined, Australian-born low SES women had a lower OR of
being screened, 0.85 (95% CI 0.80-0.90), relative to that in Australian-born high
SES women (OR 1), as in the MDC cohort. The ORs for migrant women were 0.79
(95% CI 0.75-0.83) for high SES and 0.98 (95% CI 0.93-1.01) for low SES. The p
for interaction was <0.001. Relative to Australian born non smokers (OR 1),
Australian-born smokers had a reduced OR of being screened, 0.42 (95% CI 0.380.47). The ORs for migrant women were 0.78 (95% CI 0.74-0.83) for non-smokers
and 0.56 (95% CI 0.47-0.68) for smokers. For parity, relative to Australian born
uniparous women (OR 1), the OR for screening in Australian born multiparous
women was 0.74 (95% CI 0.68-0.81). The ORs for migrant women were uniparous
0.73 (95% CI 0.67-0.79), and multiparous 0.76 (95% CI 0.70-0.82). The p for
interaction was <0.001. The analyses of parity and smoking were based on the 29604
women in the APDC cohort who could be linked to any MDC record in 1996 to
2006.
Because some women in the APDC cohort were also in the MDC cohort (there is
a maternal APDC record for each birth in hospital), we did a sensitivity analysis in
which 10,114 women who had a MDC record at the same age as their APDC record
were excluded. There was very little change in the fully adjusted ORs for being
screened in FYs 2001-2002, which were 1.04 (95% CI 0.96-1.12) in women from
the Middle East, 0.85 (95% CI 0.80-0.89) in women from Asia and 0.67 (95% CI
0.61-0.74) in women from South Central Asia.
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3.4 Discussion
We linked cohorts of women from the NSW Midwives Data Collection (MDC)
and, separately, Admitted Patients Data Collection (APDC) to the NSW Pap Test
Register, to characterize cervical screening behaviour in migrant women in
Australia. In our primary analysis, based on the MDC cohorts, we observed
potentially important disparities, with screening rates in women of reproductive age
born in Middle Eastern and Asian countries being less than those in Australian born
women, after taking account of differences in distributions of age, parity, SES and
smoking in these two groups. Further, women born in South-Central Asia were more
than 20% less likely to be screened at the recommended interval than women born in
other parts of Asia and the Middle East. While screening was less likely in
Australian women of low SES, of high parity and who were smokers, this pattern
was either not evident (SES and high parity) or more weakly evident (smoking) in
migrant women.
Disparities in cervical screening uptake between overseas-born women and
native-born women have previously been reported in Australia and have also been
observed in other countries with organized screening programs or high levels of
opportunistic screening (26). A number of these studies have reported on disparities
in women born in Middle Eastern or Asian countries (9-14, 27-30). Many, however,
have inferred ethnicity from women‘s family names (29-31) or their residence in
areas known to have high populations of immigrants, which may entail substantial
misclassification of country of birth (9, 32). In addition, most have been based on
self-reports of cervical screening, which are well known to be subject to recall and
social desirability biases (33, 34). Moreover, a number of the studies included
samples of only a few hundred women, which precluded detailed analysis.
To our knowledge only one study other than ours, that of Lofters et al 2010 (9)
which was based on urban areas of Ontario, Canada, has reported on cervical
screening in a large, population based on a sample of Middle Eastern and Asian
migrants in a country comparable to Australia, using potentially accurate information
on country of birth and screening: landing visas and medical service billing records.
In women 18-49 years of age in this study, the adjusted rate ratio of appropriate
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cervical screening (screened once within a three year period), relative to nonimmigrant women, was 0.81 (95% CI 0.80-0.83) in women born in the Middle East
and North Africa, 0.89 (95% CI 0.89-0.90) in those born in East Asia and the Pacific
and 0.81 (95% CI 0.80-0.82) born in South Asia. However, in women 50-66 years of
age, the adjusted rate ratio for South Asian women was 0.67 (95% CI 0.65-0.69),
much the lowest of any immigrant group. Lofters et al (27, 28) also observed higher
rates of appropriate screening with younger age (18-49 compared with 50-66 years)
higher neighbourhood income, primary care enrolment, a primary care provider from
a different region, having a female provider, intermediate numbers of aggregated
diagnosis groups (a measure of co-morbidity) and an intermediate level of expected
health care utilization (27, 28). Additionally, they observed that the increase in
screening with increasing neighbourhood income was less pronounced in immigrants
than other women, particularly in women 18-49 years of age (27).
Some other studies of immigrants to countries with mainly English speaking,
European origin populations have found that screening was least in women born in
South Asia (27, 29, 31, 35). Results of a nationally representative study in the USA
(11) with different subgroups of migrants also found that 43.7% of Indian women
who recently immigrated to the US and 25% of established Indian immigrants(≥25%
of lifetime in the US) never screened for cervical cancer after adjusting for
demographic factors and health indicators . Lofters et al (27) found that women from
South Asia had the lowest cervical screening (Adjusted rate ratio 0.81 95% CI 0.800.82).
Many previous studies have found that women in the most socioeconomically
disadvantaged groups have a lower participation rate in cervical screening than
women in the highest SES group (9, 32, 36, 37). This was true also in our study, but
it was evident only in Australian-born women, not in the migrant women. Screening
in migrant women was comparable to that in low SES Australian-born women and
did not increase with increasing SES. Lofters et al 2010 (9) found a similar but much
less pronounced difference between Canadian-born and all immigrant women and
observed that it suggested that other factors might be more important for immigrant
groups, including probably cultural factors. We agree that the lower participation
rate in migrant women, irrespective of SES, suggests that factors other than SES
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dominate in determining their screening behavior. Specifically, such factors could
include the value placed on modesty and premarital virginity, which may contribute
to a reluctance to seek screening; fatalistic attitudes about health; a lack of
knowledge about cervical cancer; and beliefs that a cervical smear is unnecessary
unless already ill (15). Studies of attitudes to screening in Asian immigrants in the
USA have uncovered a variety of misconceptions concerning susceptibility to cancer
and stigmatization of cancer sufferers, which are strong in their cultural community
(38, 39) and may be reinforced by Asian health care providers (39, 40). A study
among Chinese- Australian women found that logistic barriers such as access to
child care and transportation, cultural beliefs in relation to modesty and promiscuity,
fatalism, lack of knowledge, preference for female doctors, and a previous painful
experience were common barriers to cervical screening (41). A study of attitudes to
screening in Muslim women in the USA identified several barriers, including
language difficulties, transportation, lack of health insurance, and family pressures
(42). This study also found that Muslim women may resist screening practices that
are standard in many Western countries because of their cultural and religious values
(42).
We observed previously unreported patterns of interaction between country of
birth and parity and smoking similar to the interaction between it and SES in
determining cervical screening. Multiparity has previously been found to be
associated with a higher probability of attending for cervical screening than
nulliparity; and cervical screening has been found to be less in women who smoke
than in women who don‘t smoke (41). As with SES, we suggest that the lack of
strong associations between cervical screening and parity and smoking in migrant
women is due to the dominance of other factors determining their screening
behaviour, such as those reviewed above.
Our results are based on actual screening behaviour and using a quite specific
method for classification of region of birth by country of birth and relatively large
sample size of migrants born in the Middle East or Asia. Using record linkage we
were able to comprehensively describe behaviour across different groups of migrant
women. Compared to the scope of previous investigations, the data linkage
methodology has enabled us to investigate cervical screening behaviour by country
129

of birth amongst a larger population, over a longer period of time and by using actual
screening records rather than self-reported behaviour. It has also been shown that
accuracy of country of birth recording in APDC is generally high, Tran et al
(Personal Communication) examined the accuracy and predictors of country of birth
recording in Australian hospital mortality data using linkage between data from the
45 and up Study; the largest cohort study among older people in NSW, and records
from the NSWAPDC. They found that on average 81% of APDC records for
overseas-born people had the correct country of birth recorded. Sensitivities were on
average 91.6% for North Africa& Middle Eastern countries (it varied between 87.4%
for Lebanon and 98.1% for Turkey), and 87.4% for Asian countries which varied
between 78.1% for China and 91.4% for Sri Lanka. There was excellent agreement
(Kappa values>0.80) between the self-reported country of birth and the recorded
country of birth in hospital data for all Asian and North Africa &Middle Eastern
countries except Hong Kong which had good agreement (Kappa=0.79).
It is a potential limitation of our study that the results of the primary analysis with
the MDC dataset, in which we had information only on parous women who had
recently borne a child, are not generalizable to all women 20-40 years of age. We
sought to examine this limitation by repeating the analysis using APDC cohorts of
similar age, which include parous and nulliparous women, and women who have and
have not given birth recently. Results of analyses in the APDC cohorts were
generally similar to those in the MDC cohorts, except that all ORs were higher by
about 0.2. This may indicate that experience of medical care, which would probably
be greater in migrant women who were selected for having an APDC record than
those selected for having an MDC record, increases the probability of screening. It is
also consistent with the observation of Lofter et al 2010 (27) that there were higher
rates of screening in women with intermediate levels of co-morbidity and expected
health care utilization. It is notable too that interactions that could be evaluated in the
APDC cohorts, birthplace with SES and birthplace with parity, were similar to those
in the MDC cohorts. Further the APDC results were insensitive to exclusion of
women who gave birth in the year of hospitalization used to define the cohorts; that
is, women who overlapped with the MDC cohorts. The similarity in the results from
two differently selected populations of women suggests that results from the MDC
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cohorts can be generalized to the general population from which both pairs of
cohorts were derived.
There are some other limitations to our study. It is probable that we could not
fully exclude women with a history of an abnormal or unsatisfactory Pap test from
the cohorts, which could influence later screening history. Some women might have
had cervical smears outside NSW, or in the case of some migrant women, in their
country of origin before immigration to Australia. However, given that the incidence
of either abnormal or unsatisfactory Pap tests in Australia is 8.6% of all Pap tests
(43), these women are unlikely to have much impact on our results. We were also
unable to exclude women who had a hysterectomy. This would be a greater problem
for the APDC than the MDC cohorts. However, data from the NSW Health Survey
show that few women – 1.4% overall – have had a hysterectomy by 40 years of age
(44).
In conclusion, we have used routinely collected data and record linkage to study
cervical screening in specific migrant groups; overcoming the problems of
identifying migrant women, small sample sizes and error in self-reported screening
that are present in most other studies of this subject. Our novel findings that
screening rates in migrant women appear little influenced by SES, parity and
smoking, which are associated with screening in Australian-born women, probably
indicate that other factors, such as cultural and language barriers to use of health
services, attitudes to cancer and lack of knowledge of prevention programs,
dominate screening participation in migrant women. Thus greater attention to these
factors may assist in increasing cervical screening uptake in ethnically diverse
migrant women in countries with otherwise high screening rates. These findings may
also be broadly applicable to other large scale programs including breast cancer and
colorectal cancer screening, and the delivery of new prevention services such as
HPV vaccination.
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CHAPTER 4

Participation in cervical screening by older
Asian and Middle Eastern migrants in New
South Wales, Australia
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4.1 Introduction
A number of studies in developed countries have shown lower participation rates
for cervical screening in migrant women (1-7). This is probably due to a range of
underlying factors, including socio-cultural influences (8). We have recently
conducted a data linkage study to prospectively evaluate cervical screening
participation by younger (<40 years of age) women born in Asia and the Middle East
in comparison with that of Australian-born women of the same age. A data linkage
approach provided a large sample of women for the study, high quality information
on country of birth, and the possibility of investigating a range of migrant groups.
We showed that screening uptake in the women born in Asia and the Middle East
was lower than that in Australian-born women (chapter 3). Relative to Australianborn women, the odds ratio for being screened at least once within a 2-3 year period
was 0.74 (95% CI 0.70-0.79) for Asian-born women and 0.88 (95% CI 0.81-0.97)
for Middle Eastern-born women. Screening over a 2-3 year period was examined
because the Australian National Cervical Screening Program recommends that
women are screened every two years.
Previous research conducted in the USA has suggested age is one of the main
factors influencing screening uptake in some migrant women, with younger women
being more likely to be screened than older women (9). Research in other Englishspeaking settings has shown that lower screening uptake observed in women born in
South Asia was more pronounced in older women than younger women (1, 10).
Some studies have also demonstrated that participation rates are lowest for migrant
women who migrated at an older age (11, 12). Cultural issues and proficiency with
the English language have been recognized as the significant barriers in cervical
screening uptake in older migrant women (13).
The aim of this study was to evaluate cervical screening in older women born in
Asia or the Middle East and living in New South Wales (NSW), Australia, and to see
whether their screening rates were less, relative to those in the Australian-born
population, than those in younger migrant women. We linked data on women 40 to
64 years of age from the NSW Admitted Patients‘ data collection (APDC), which
137

records country of birth, to cervical screening records in the New South Wales
(NSW) Pap Test Register (PTR), which does not record country of birth. The APDC
includes all inpatient separations (discharges, transfers and deaths) from all public
(including psychiatric), private and repatriation hospitals, private day procedures
centres and public nursing homes in NSW.

4.2 Methods
4.2.1 Data sources and study population
We obtained de-identified linked data from the APDC and PTR through the NSW
Centre for Health Record Linkage (CHeReL) (14). The CHeReL uses probabilistic
methods to match personally identifying details – such as name, date of birth, gender
and residential address – from different databases to create a unique linkage key,
which links records for the same person in different databases (15). The CHeReL
sends dataset-specific and project-specific linkage keys to the relevant data
custodians, who provide the required data items from the required records to the
investigators identified only by the project-specific linkage keys (15). The
investigators use these keys to link the different datasets. These operations accord
with a recognized privacy-preserving, best-practice protocol (16). The PTR, which
has operated since 1996, records detailed information on the dates and results of
cervical cytology and histology tests performed in NSW (17). The APDC was used
as a source of the women for the study and to provide information on country of
birth, socioeconomic status, and age. It collects information on all inpatient
separations from all public and private hospitals, day procedures centres and public
nursing homes in NSW (18).
Two cohorts of women were selected from the APDC for linkage to the PTR. One
comprised 14,228 women aged 40-64 years who were admitted to hospitals between
1 July 2000 and 30 June 2001 and were born in one of 40 countries in Asia or the
Middle East, defined according to the standard Australian Classification of Countries
(19). The other comprised 13,939 Australian-born women who were randomly
selected to match the distribution of the overseas-born women by age and local
government area of residence. There were fewer women in the Australian-born
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cohort than in the overseas-born cohort, because the numbers in some categories of
age and local government area were insufficient to match those of the migrant
women. Data from women selected in the two cohort groups were then linked to the
Pap Test Register in order to obtain cervical screening information for the years
1996 to 2006. In parallel, the data were also linked to records from the state Registry
of Births, Deaths and Marriages, in order to allow women who had died during the
analysis period to be excluded from the analysis.
The NSW Population and Health Services Human Research Ethics Committee
and the University of Sydney Human Research Ethics Committee approved the
project. We used de-identified datasets to analyse screening behaviour, and the
findings of the analysis are reported as aggregate results only.

4.2.2 Statistical analyses
Age was classified into 4 categories: 40-44, 45-49, 50-54, and 55+ years. The age
group 40-44 years was used as the reference group for comparison because this age
group has one of the highest cervical screening participation rates (20). Country of
birth was classified into one of three regions: Australia, the Middle East (including:
Lebanon, Iraq, Iran, Egypt, Turkey, Syria, Yemen, Jordan, Saudi Arabia, Gaza Strip,
Israel, Qatar, Oman, United Arab Emirates, Kuwait and the West Bank) and Asia.
Asian countries were further classified into three sub-regions: South-East Asia
(including The Philippines, Vietnam, Cambodia, Indonesia, Malaysia, Laos, Brunei,
Burma, Singapore and Thailand), North-East Asia (including China, South Korea,
North Korea, Taiwan, Japan, Hong Kong and Macau) and South-Central Asia
(including Sri Lanka, Bangladesh, India, Pakistan, Afghanistan, Maldives and
Nepal) (19). Socioeconomic status (SES) was classified into one of five quintiles of
the Australian Bureau of Statistics‘ index of relative socioeconomic disadvantage
(IRSD) for areas based on the 2001 Australian Census (21). The IRSD is classified
according to the local government area of residence and includes attributes such as
income, education, unemployment and ownership of motor vehicles (21).
The main analysis was performed after excluding women with an abnormal
cervical screening test or unsatisfactory result over the period 1 July 1996 to 30 June
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2001. These women were excluded because a prior abnormal or unsatisfactory test
could have led to a recommendation for more frequent cervical screening during the
follow-up period (2001 to 2006).
For the main analysis, women were considered to have been screened in
accordance with program recommendations if they had a Pap Test Register record of
screening within the period 1 July 2001 to 30 June 2003; that is, they had been
screened in a 2-3 year period after they were admitted to hospital in 2000/01. (The
APDC data is compiled according to the financial year, which runs from 1 July
through to 30 June of the following year). The recommended screening interval is
two years and a reminder letter is sent at 27 months in NSW. In supplementary
analyses we assessed the relationship between region of birth and screening over
longer periods (3-4 years or 5-6 years after 1 July 2001). Odds ratios for attending
for screening within a defined interval were calculated according to a number of
baseline variables, including age, country of birth, and SES. Unconditional logistic
regression was used to calculate odds ratios (ORs) for each variable as unadjusted
ORs, age-adjusted ORs and ORs adjusted for all baseline variables. We also
examined the interactions between region of birth and SES, and region of birth and
age, in influencing screening in a 2-3 year period.
Hysterectomy prevalence is higher in Australian-born women than Asian and
Middle Eastern born women and, while low under 40 years of age, increases with
age thereafter (ref). We did not have history of hysterectomy in the APDC dataset
and could not, therefore, directly exclude women without a uterus from the analysis.
To roughly examine the possible effects of hysterectomy on age-specific
participation in recommended screening in the different region of birth groups, we
used NSW Population Health Survey data for 2008 (22) to obtain estimates of
hysterectomy prevalence by age in NSW women and data from the same survey for
2006-2009 to obtain estimates of hysterectomy prevalence by country of birth for
NSW women aged 20-69 years (23). We used these prevalence estimates to obtain
age specific hysterectomy prevalence estimates for women born in Australia, the
Middle East, South Central Asia and the rest of Asia, assuming that the age
distribution of hysterectomy prevalence was the same in women born in different
countries and estimating hysterectomy prevalence in the above region-of-birth
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categories from reported prevalence in women born in Lebanon for women born in
the Middle East, women born in India for women born in South Central Asia and
women born in China, Vietnam, Philippines and Hong Kong for women born in the
rest of Asia. Numbers of women who had a hysterectomy were then estimated for
each age and region of birth group and deducted from the corresponding numbers of
women who were not screened during the follow-up period, and relevant analyses
repeated to obtain hysterectomy corrected odds ratios.
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4.3 Results
As would be expected from the matching, the two cohorts of women were almost
identical in their distributions by age and SES (Table 4.1). Women born in the
Middle East, however, were somewhat older and of lower SES than Asian-born
women. After excluding women who died in the period 2000 to 2006 (1,156 women)
and women with a history of any abnormal or unsatisfactory cervical screening test
in the period 1996 to 2001 (2,505 women), there were 12,114 Australian-born
women and 12,392 migrant women available for analysis. Of these women, 5,523
and 4,971 respectively had at least one cervical screen in the period 2001/02 to
2002/03.
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Table 4.1 Characteristics of the cohorts of Australian-born and migrant women selected from the NSW Admitted Patients Data Collection for fiscal
year 2000/01.
Australian-born women
All migrant women
Asian-born women
Middle Eastern-born women
N

%

N

%

N

%

N

%

40-44
45-49
50-54
55+

4284
3424
2758
3473

30.7
24.6
19.8
24.9

4359
3507
2800
3562

30.6
24.6
19.7
25.0

3260
2484
1926
2218

33.0
25.1
19.5
22.4

1099
1023
874
1344

25.3
23.6
20.1
31.0

1
2
3
4
5

3541
2418
2196
2264
3520

25.4
17.4
15.8
16.2
25.3

3615
2448
2222
2324
3619

25.4
17.2
15.6
16.3
25.4

2771
1914
1327
1550
2326

28.0
19.4
13.4
15.7
23.5

844
534
895
774
1293

19.5
12.3
20.6
17.8
29.8

Age

Socioeconomic Status
Highest SES quintile

Lowest SES quintile
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Women from the Middle East and Asia had higher mean numbers of cervical
screening tests in 2001/02-2002/03 than did Australian-born women: on average
their numbers of screening tests were 0.53 and 0.55 respectively, compared with 0.49
in Australian-born women (Table 4.2). The crude ORs for being screened in this
period, relative to Australian-born women, were 1.10 (95% confidence interval (CI)
1.02-1.18) for migrants from the Middle East and 1.18 (95% CI 1.12-1.25) for
migrants from Asia (Table 4.2). Adjustment for age and SES had little effect on the
OR for migrants from Asia but increased the OR for women from the Middle East
such that the two ORs were almost the same (1.16 and 1.17 respectively) and
appreciably higher than in Australian-born women. However, when cervical
screening was examined in subgroups of Asian women, the fully adjusted OR for
being screened, relative to Australian-born women, was appreciably lower for
women from South-Central Asia, OR 0.78 (95% CI 0.69-0.87), than for women from
other parts of Asia (ORs of 1.25 and 1.24 for South East and North East Asia
respectively) and the Middle East (OR 1.17), and for Australian-born women.
The ORs for screening fell progressively with increasing age. Relative to women
40-44 years of age, ORs for screening in women aged 45-49, 50-54 and 55+ years
were some 16% to 46% lower, after adjusting for SES and age (Table 4.2). The odds
of cervical screening were highest in those in the highest SES quintile (the reference
category) and lower in all other SES quintiles, without any consistent fall across the
four quintiles of lower SES.
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Table 4.2 Women’s mean number of smears and odds ratios for having one or more smears relative to no smear within a two-three period year by
region of birth, age and socioeconomic status (SES)
Mean
Number of
Smears

95% CI

Screened/
Unscreened†

Crude
OR

95% CI

Age
adjusted
OR

95% CI

Age and
SES
adjusted
OR

95% CI

Australia

0.49

0.48-0.50

4971/7143

1

-

1

The Middle East

0.53

0.51-0.55

1640/2148

1.10

1.02-1.18

1.14

1.06-1.23

1.17

1.09-1.26

Asia

0.55

0.54-0.57

3883/4721

1.18

1.12-1.25

1.17

1.11-1.24

1.16

1.09-1.22

Region of birth

P-value

<0.001

<0.001

1

<0.001

<0.001

South East Asia

0.57

0.55-0.59

1913/2178

1.26

1.18-1.36

1.23

1.15-1.32

1.25

1.17-1.35

North East Asia

0.60

0.58-0.63

1478/1626

1.31

1.21-1.41

1.30

1.20-1.41

1.24

1.14-1.34

South Central Asia

0.40

0.37-0.44

492/917

0.77

0.69-0.87

0.79

0.70-0.88

0.78

0.70-0.88

40-44

0.58

0.57-0.60

3646/3817

1

-

1

-

1

-

45-49

0.54

0.53-0.56

2694/3332

0.85

0.79-0.91

0.85

0.79-0.91

0.84

0.78-0.90

50-54

0.51

0.49-0.53

2044/2850

0.75

0.70-0.81

0.75

0.70-0.81

0.74

0.69-0.79

55+

0.41

0.40-0.43

2110/4013

0.55

0.51-0.60

0.55

0.51-0.60

0.54

0.50-0.58

Age

P-value for trend

<0.001

<0.001

<0.001

<0.001

Socioeconomic Status
Highest SES Quintile

Lowest SES Quintile
†

1
2

0.57
0.54

0.55-0.59
0.52-0.56

2936/3312
1873/2345

1
0.90

0.83-0.97

1
0.90

0.83-0.97

1
0.90

0.83-0.97

3

0.48

0.46-0.50

1547/2314

0.76

0.70-0.82

0.74

0.68-0.80

0.74

0.68-0.80

4

0.46

0.44-0.48

1571/2473

0.72

0.66-0.78

0.70

0.64-0.76

0.70

0.64-0.76

5

0.51

0.50-0.53

2565/3568

0.81

0.76-0.87

0.78

0.73-0.84

0.78

0.73-0.84

P-value for trend

<0.001

<0.001

<0.001

Number of women screened (once or more within a two-three period year)/number of women unscreened (no smear in two years)
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<0.001

Similar relationships between region of birth and screening were obtained when
the analysis was repeated for cervical screening behavior over longer periods,
2001/02-2003/04 and 2001/02-2005/06, which represent intervals of 3-4 and 5-6
years after the year 2001/02 (results not shown). Relative to Australian-born women,
the adjusted ORs for Middle Eastern women being screened at least once in the
periods 2001/02-2003/04 and 2001/02-2005/06 were 1.22 (95% CI 1.13-1.31) and
1.32 (95% CI 1.22-1.42) respectively. The corresponding ORs for Asian-born
women were 1.19 (95% CI 1.12-1.26) and 1.23 (95% CI 1.16-1.30) (results not
shown). However, as for the main analysis, the odds of being screened appeared
lower in women born in South-Central Asia, with an OR of 0.83 (95% CI 0.74-0.93)
and 0.88 (95% CI 0.79-0.99) respectively.
To examine the effect of hysterectomy on the differentials in screening uptake by
region of birth, we re-categorized region of birth into Australia, Middle East, South
Central Asia and other Asian countries. Relative to Australian-born women, the
crude ORs uncorrected and corrected for hysterectomy prevalence were respectively
1.10 (95% CI 1.02-1.18) and 0.90 (95% CI 0.83-0.97) for women from the Middle
East, 0.77 (95% CI 0.69-0.87) and 0.64 (95% CI 0.57-0.72) for women from South
Central Asia and 1.28 (95% CI 1.21-1.36) and 1.01 (95% CI 0.95-1.07) for women
from other Asian countries. Thus the correction for hysterectomy substantially
eliminated the apparent excess of screening in women from the Middle East and
other parts of Asia and increased the apparent deficiency in screening in women
from South Central Asia.
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To assess the interaction between region of birth and SES, we constructed a
composite variable for region of birth and SES which was included in the fully
adjusted model in place of the separate variables. There were eight categories in this
variable: High SES and low SES Australian born women and high SES and low SES
women born in each of South Central Asia, other parts of Asia and the Middle East
(Table 4.3). High SES Australian-born women were the reference category. Relative
to Australian-born women of high SES, Australian-born women of low SES had a
reduced OR for screening - 0.69 (95% CI 0.64-0.74) age adjusted. Similarly, the OR
for high SES women born in South Central Asia was higher at 0.74 (95% CI 0.640.85) than that in low SES women, 0.57 (95% CI 0.47-0.70). For migrant women
from other parts of Asia and the Middle East, however the adjusted ORs for
screening in low SES women, respectively 1.04 (95% CI 0.97-1.11) and 1.00 (95%
CI 0.86-1.07), were similar to those in high SES women, 1.05 (95% CI 0.98-1.14)
and 0.96 (95% CI 0.98-1.14). When a region of birth (in these four categories) by
SES interaction term was fitted to the fully adjusted model, its p-value was <0.001.
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Table 4.3 Women’s odds ratios for being screened within a two-three year period by region of birth and socioeconomic status
Screened
Unscreened
Crude OR
95% CI
Age adjusted OR
95% CI
High SES Australian-born
Low SES Australian-born

3155
1816

3936
3207

1*
0.71

0.66-0.76

1*
0.69

0.64-0.74

High SES Middle Eastern born
Low SES Middle Eastern born
High SES South-central Asian born
Low SES South-central Asian born

857
783
337
155

1122
1026
580
337

0.95
0.95
0.74
0.57

0.86-1.05
0.86-1.06
0.64-0.85
0.47-0.70

1.00
0.96
0.74
0.57

0.86-1.07
0.98-1.14
0.64-0.85
0.47-0.70

High SES other Asian born
Low SES other Asian born

2009
1382

2333
1471

1.07
1.17

1.00-1.16
1.07-1.28

1.04
1.06

0.97-1.11
0.99-1.14

*Reference category for all odds ratios
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To assess the interaction between region of birth and age, we similarly
constructed a composite variable, which included 12 categories; Australian women
40-49 years, 50-59 years and 60-64 years of age, and the same age strata for Middle
Eastern women, South Central Asian women and other Asian women (Table 4.4).
SES adjusted ORs for screening, relative to Australian-born women 40-49 years of
age, fell for all regions of birth as age increased and reached similar levels in women
50-64 years of age from each region: ORs from 0.56 to 0.64. When a region of birth
by age group interaction was fitted to the SES adjusted model, the p-value for
interaction was <0.01.
We also examined the effect of correction of the crude ORs by region of birth and
age for hysterectomy prevalence (Table 4.4). Essentially all age-specific ORs in
migrant women fell a little with correction for hysterectomy while those for the older
age groups of Australian-born women rose. With the correction, it appears that the
ORs for screening in Middle Eastern and other Asian women 50-59 and 60-64 years
are less, and may fall more rapidly with age, than those in the corresponding age
groups of Australian-born women. The pattern of ORs for women born in South
Central Asia was largely unchanged by the hysterectomy correction.
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Table 4.4 Women’s odds ratios (ORs) for being screened within a two-three year period by region of birth and age, uncorrected and corrected for
estimated age and region of birth specific hysterectomy prevalence
Region of birth and age group
Crude OR
95% CI
SES adjusted OR
95% CI
Crude OR corrected
95% CI
for hysterectomy
1*
1*
1*
Australia 40-49
0.75
0.70-0.82
0.74
0.69-0.80
0.99
0.91-1.08
Australian 50-59
0.57
0.50-0.64
0.56
0.50-0.63
0.88
0.76-1.00
Australian 60+
Middle East 40-49
Middle East 50-59
Middle East 60+

1.24
0.82
0.50

1.12-1.37
0.73-0.92
0.42-0.61

1.28
0.98
0.64

1.15-1.42
0.74-0.93
0.42-0.61

1.10
0.80
0.50

0.99-1.23
0.71-0.90
0.41-0.61

South Central Asia 40-49
South Central Asia 50-59
South Central Asia 60+

0.77
0.55
0.58

0.66-0.90
0.45-0.67
0.43-0.77

0.77
0.53
0.57

0.65-0.90
0.44-0.65
0.43-0.76

0.69
0.54
0.63

0.59-0.81
0.44-0.66
0.46-0.85

Other Asia 40-49
Other Asia 50-59
Other Asia 60+

1.25
1.01
0.66

1.16-1.35
0.92-1.12
0.56-0.77

1.24
0.98
0.64

1.14-1.34
0.89-1.09
0.55-0.75

1.09
0.95
0.64

1.01-1.18
0.86-1.05
0.54-0.74

*Reference category for all odds ratios
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4.4 Discussion
We used record linkage to evaluate cervical screening in older migrant women
from the Middle East and Asia in comparison with Australian-born women. Hospital
separation records were used to identify the cohort studied. Comparisons of
screening participation in migrant women with that in Australian-born women were
complicated by inability to remove women who had a hysterectomy from the
population. When we roughly corrected for hysterectomy prevalence by region of
birth and age, women from Middle Eastern and North Eastern and South Eastern
(other) Asian countries appeared have similar overall screening participation to
Australian-born women. In women born in South Central Asia, however,
participation was clearly less, whether adjusted for hysterectomy or not. Low SES
Australian-born women were less likely to screen then high SES Australian-born
women. This SES differential was not evident in women born in the Middle East or
other Asia but may have been present in women born in South Central Asia. After
rough correction for hysterectomy it appeared that screening participation fell more
steeply with increasing age in Middle Eastern and in other Asian women than it did
in Australian-born women. In contrast it appeared to fall little if at all with increasing
age in South Central Asian women.
It is a limitation of this study that we only roughly adjusted for hysterectomy. At
the time of analysis we only had information on prevalence of hysterectomy in a
comparatively small number of country-of-birth categories and by age, but not by
region of birth and age together, for NSW in the period covered by this study. Thus
our adjustments for hysterectomy were only approximate; but they had the expected
effect. That is, by increasing the screening rate more in Australian born women than
in overseas born women, because of higher hysterectomy rates in older Australianborn women (23), the odds ratios for screening in Australian-born women 50-59 and
60-64 years of age increased to be above those in women born in the Middle East
and other Asian countries. As a result, our findings for older women became more
similar to those we have observed in younger women (Chapter 3) and to those
obtained in other developed country settings, which have generally shown that both
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younger and older migrant women are less likely than native-born women to
participate in cervical screening (1-3, 9, 10).
The apparently persisting higher screening rate after adjustment for hysterectomy
in women 40-49 years of age born in the Middle East and other Asian countries than
in women of the same age born in Australia needs some explanation. There are some
possible reasons for it. First our adjustment for hysterectomy may not have adjusted
fully for the effect of the difference in hysterectomy prevalence between Australianborn and migrant women on the screening rates. Second, screening in women
sampled from the APDC may not correctly reflect screening in the general
population. In particular, it is possible that migrant women who have been
hospitalized become more accustomed to Australian health services than those who
have not been hospitalized and may, therefore, be more likely to participate in
cervical screening. This has been suggested as an explanation for differences
between women sampled through the MDC and through the APDC in the ORs for
screening in migrant women relative to Australian-born women, which we have
reported in Chapter 3. Third, there is evidence of effects of co-morbidities on
cervical screening rates. Some researchers have found that in older women comorbidities or ―poor health‖ is associated with increased screening participation (24,
25). There is also evidence that most of older female patients will accept pap smear
in clinical settings (26). However, other studies have observed that the screening rate
decreased as co-morbidities increased, except that women diagnosed with
hypertension had a higher screening rate (27), or that there was a U-shaped
association between the level of co-morbidities and appropriate cervical screening
(28). While there is confusion about the effect of co-morbidities on cervical
screening, it would have been highly desirable to have adjusted for them in our
analysis. We did not request details of diseases treated, however, when requesting
the APDC dataset, and were thus not able to examine the effect of co-morbidities on
screening participation or adjust for it in our analyses.
In women born in South Central Asia, participation was clearly less than in
Australian-born women and probably women born in the Middle East and other
Asia, whether adjusted for hysterectomy or not. Previous studies have also shown
that migrant women from South Central Asia have much lower participation in
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cervical screening than other migrant women (5, 10, 29-31). The reasons for this
difference are not clear. It is not explained by lower SES because it is present after
adjusting for SES (10) and Table 3). It could, perhaps, reflect low levels of screening
in the countries of origin because screening rates in South Central Asian countries
are low. For example only 2.6% women from Pakistan had ever received Pap test
and in Sri Lanka only 2.2% women had Pap test over the last 5 years. In India only
5.3% of eligible women aged 25-64 years had Pap smear in the last 3 years, In Nepal
it was 3.5 % with the lowest rates in Bangladesh at 1% regardless of income (32).
These compare with women in the same age in Israel (44.3%), Malaysia (30.5%),
and China (23.1%) is very low (32). Cervical screening in the last 3 years was
reported to be about 23% in Kuwait (33)
When we adjusted for hysterectomy, it appeared that screening in women from
Middle Eastern and other Asian countries fell more substantially with age than it did
in Australian born women. This may also be true in migrant women from East Asia
and the Pacific, the Middle East and North Africa and South Asia in Canada (28),
whose relative risks for non-screening at 50-66 years of age, relative to 35-49 years
of age, were 1.20, 1.16 and 1.30 respectively compared with relative risks of 1.06 in
women born in USA, Australia and New Zealand and 1.10 in women born in
Western Europe. This could be explained, perhaps, by resurgence in cultural factors
that inhibit screening participation once migrant women cease childbearing.
Alternatively, it may be explained by migration at an older age, which can occur in
Australia as a result of the priority given to family reunion in Australian immigration
policy (34). Previous work has shown that participation in cervical screening is least
in women who migrated at an older age (11, 12).
There was stronger evidence that region of birth modified the effect of SES on
screening participation than it modified the effect of age. As in younger women
(Chapter 3), there was clearly less screening in lower SES than higher SES
Australian-born women; whereas this pattern was not evident in women in the
Middle East and other Asia and was only weakly evident in South Central Asian
women. While not directly comparable, Lofters et al‘s results (10) do not appear to
support this finding. They found more screening non-participation in low SES
women in all migrant groups, including those from lower income countries – East
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Asia and the Pacific, Middle East and North Africa and South Asia – and those from
higher income countries – USA, Australia and New Zealand and Western Europe –
which could be taken to indicate the pattern in Canadian-born women.
The large sample size and use of screening records to characterize screening
behaviour are strengths of this study. Much similar work, with the studies of Lofters
and colleagues being notable exceptions (10, 28), has depended on small survey
samples and self reported screening. The large sample size allowed us to examine
interactions between region of birth and age and, separately, SES; which would not
be informative in studies with small sample sizes.
Our study has several limitations. First we were only able to roughly adjust for
hysterectomy in our study populations since we had access to only limited
information on the distributions of hysterectomy prevalence by population
characteristics. Second, we had few relevant covariates in the APDC data set. For
example, we were not able to adjust for smoking and parity, which are known to be
related to both risk of developing cervical cancer and cervical screening uptake. We
attempted linkage to the Midwives Data Collection (MDC), as we did for younger
women in a previous analysis using the APDC dataset (Chapter 3), to obtain
information on parity. However, it was not helpful since the MDC dates back to
1994 and few of its records linked to the older women in this study. Our experience
with the previous work on younger women (chapter 3), though, suggests that neither
adjustment for smoking nor parity would have much effect on the associations of
region of birth with screening. In a future study, addition of diagnosis codes to the
data set might allow us to estimate prevalence of current smoking from the relevant
substance abuse codes, which, it appears, provide estimates of smoking prevalence
that are similar to those obtained in population surveys (Elizabeth Tracey personal
communication).
In conclusion, our results suggest that migrant women from the Middle East and
North Eastern and South Eastern Asia in NSW have cervical screening rates at 40+
years of age that are overall quite similar to those in Australian-born women. It is
uncertain, however, whether this finding, which differs from what we have observed
in younger women is an artefact of inadequate adjustment for hysterectomy
154

prevalence or due to studying screening in women with a history of recent
hospitalization. These results also suggest that, with rough adjustment for
hysterectomy, screening in women from the Middle East and North Eastern and
South Eastern Asia fell more rapidly with increasing age than it did in Australianborn women. While the reasons for this greater fall are not known, it may indicate a
need for special attention to cervical screening in these women. Like younger
women, older women born in South-central Asia also have a lower cervical
screening rate compared to Australian-born women, which also needs attention.
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CHAPTER 5

Patterns of Uptake of Liquid-Based Cytology in
Women in NSW, Australia
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5.1 Introduction
Organised screening programs in several countries, including England, Scotland
and New Zealand, have replaced conventional cytology with liquid-based cytology
(LBC). LBC technology is also widely used in the USA, where more than 90% of
cervical cytology now uses it (1, 2). The ease of microscopic interpretation and
potential for doing additional medical tests on the one sample probably underpin the
popularity of LBC with clinicians and pathologists (3). In the USA, where screening
is usually reimbursed by health insurers, the extensive uptake of LBC may also be
attributable, in part, to direct marketing to doctors, laboratories and patients (1).
In Australia, LBC testing for routine cervical screening is not currently
reimbursed by Medicare, the national, tax-funded health insurance scheme. The
Australian National Cervical Screening Program recommends that women are
screened 2-yearly between 18 and 69 years of age using conventional cytology (Pap
tests). The Medical Services Advisory Committee (MSAC), which advises regarding
Medicare coverage of medical services, has assessed LBC as a replacement for Pap
tests on three occasions. Each time it has found that LBC was unlikely to be costeffective in the Australian context, therefore rejecting it for public funding (4).
The initial MSAC review in 2002 found there was insufficient evidence to
conclude that LBC was more effective than Pap tests (5). In 2003, MSAC reviewed
the evidence for computer-assisted image analysis of LBC smears for cervical
screening in primary screening, rescreening and triage contexts (6). It found a lack of
evidence that computer-assisted image analysis was as effective as conventional
manual screening. MSAC concluded there was insufficient evidence to draw
conclusions on the appropriate use of computer-assisted image analysis, and there
was no change to funding arrangements. The most recent MSAC report in 2009
found that, in comparison with conventional cytology, LBC is safe and at least as
effective, whether manually-read or with computer-assisted image analysis, but was
unlikely to be cost-effective in the Australian context. One LBC technology
manufacturer has recently initiated a new process for the test to be considered for
public funding (7).
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It is generally thought that LBC testing results in fewer technically unsatisfactory
smears, and hence fewer repeat smears, when compared to conventional cytology.
One systematic review did not find any reduction in unsatisfactory smears associated
with LBC (8) but the inclusion criteria for this review and its conclusions were the
subject of considerable debate (9, 10). However, a more recent systematic review
conducted for the MSAC 2009 report concluded that LBC was associated with fewer
unsatisfactory smears (11). With respect to the accuracy of LBC and conventional
cytology in detecting biopsy-confirmed high grade cervical squamous intraepithelial
lesions, systematic review has found that the two tests are close to equivalent in
sensitivity but that the specificity of manually-read LBC is less than that of
conventional cytology (12). Since these systematic reviews were published, one
further randomised controlled trial (RCT) has been published. It too found that,
compared to conventional cytology, LBC reduces unsatisfactory smears; and that it
is neither more sensitive nor more specific in detecting cervical abnormalities (13).
LBC is available as an adjunct to conventional cytology in Australia if women
elect to pay for it ($40-$60). It is collected using the split-sample technique, in which
the residual sample from the sampling device is collected in an LBC sample
collection vial after the conventional cytology slide has been prepared. The results of
the conventional and LBC tests are reported as an integrated result, in which an
abnormality seen in either test determines the final result.
Anecdotally, adjunctive LBC is used for approximately 30% of all routine
cervical screening tests in the Australian State of New South Wales (NSW) (11) but
uptake rates have not been quantified in detail. Anecdotal evidence showed that
uptake in the State of Victoria is thought to be much lower, at approximately 4-5%.
It is not known whether women have been uniformly likely to elect to have
adjunctive LBC testing, or whether factors such as age, socioeconomic disadvantage,
accessibility to the primary practitioner, previous smear results, or the provider‘s
preference or training might influence the decision to have LBC testing. Therefore,
the aims of this study were to determine the prevalence of use of LBC in cervical
screening in NSW, to examine patterns of LBC uptake over time, and to assess the
determinants of adjunctive LBC use in NSW women, including socioeconomic
status (SES) and language background.
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5.2 Methods and materials
5.2.1 Data sources and study population
Our main source of information was the population-based NSW Pap Test Register
(PTR), which has collected from cytology services confidential, identifiable
information on dates and results of all cervical cytology and histology tests done in
NSW since 1996 (14). Women can choose not to have identifiable records kept by
the PTR; 0.8% do so and their records are held as de-identified records (15). In
addition to test details, the Register records the woman‘s date of birth, type of test,
use of conventional cytology only or also adjunctive LBC, screening provider type
and area of residence. We analysed data from the PTR for the period from 1 July
2006 to 30 June 2010; a period over which information on adjunctive LBC uptake
was recorded.
We also used other data sources to inform the analysis, including the 2008 NSW
Population Health Survey for information on hysterectomy rates in women of
different age groups (16). The NSW Population Health Survey is conducted by the
NSW Department of Health, and is an ongoing telephone survey of state residents.
For the purpose of this study, we assumed that the population of women for whom
cervical screening is recommended was the average of the NSW estimated female
resident populations aged 20-69 at 30 June 2008 and 2009 (17, 18) adjusted within
age groups (five-year age group 20-69) for the proportion of women who had
undergone a hysterectomy. The standard Australian population in 2001 was used to
calculate age-standardised rates.
The NSW Population and Health Services Research Ethics Committee and the
University of Sydney Human Research Ethics Committee approved the project. We
used a de-identified PTR dataset and report our findings only as aggregated results.

5.2.2 Analysis
Age was classified into 10 five-year categories from 20-24 to 65-69 years. The
type of smear was classified as conventional cytology alone (CC) or CC and
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adjunctive LBC. A small proportion of smears were recorded as using LBC alone
(0.23 % for the period 1 July 2006 to 30 June 2010); these were not considered in
this analysis. Smear results were classified into three broad categories: normal
(negative), unsatisfactory and abnormal (including all categories of abnormality in
the Australian Modified Bethesda System, encompassing both possible and definite
squamous intraepithelial lesions and glandular abnormalities (19). Socioeconomic
status (SES) of local government areas (LGAs) of residence was classified into five
quintiles of the Index of Relative Socioeconomic Disadvantage. LGAs were also
classified as major city, inner regional area, outer regional area, and remote/or very
remote area, based on the Accessibility and Remoteness Index of Australia (ARIA+)
(20). We calculated the proportion of non-English speaking background (NESB)
migrant women in each LGA at the 2006 census (21) and classified LGAs into 6
categories of proportion NESB migrants: <12.5%, 12.5-<25%, 25-<37.5%, 37.5<50%, 50-<62.5%, and 62.5%+. Based on 2006 census, 76.3% of LGAs were
classified as having <12.5% NESB, 10.5% of LGAs had 12.5-<25% NESB,4% of
LGAs had 25-<37.5%NESB, 4.6% of LGAs had 37.5-<50% NESB, 2.6% of LGAs
had 50-<62.5% NESB, and 2% of LGAs had 62.5% and more NESB (21). Provider
type was classified as general (family) practitioner, gynaecologist and/or obstetrician
and other or unknown providers, which were respectively 86.7%, 12.4% and 0.9% of
other or unknown providers.
An index smear was defined for each woman as the first recorded smear in each
period of interest. De-identified records were excluded from the analysis.
Three analyses were performed. First we assessed time trends in LBC uptake. We
counted the first cervical smear for each woman 20-69 years of age who had a smear
in each quarter in the 4-year period from 1 July 2006 to 30 June 2010 to calculate
quarterly age-standardised LBC uptake proportions. We defined each smear counted
according to whether or not an abnormal smear had preceded it in the preceding 5
years. We did not include a small number of smears that were preceded in the
previous 5 years by a smear with an unsatisfactory result and an otherwise normal
smear history.
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Second we assessed uptake of LBC by each woman over a two-year period, 1st
January 2008 to 31st December 2009, as a proportion of all women screened in the
same period. Two years is the recommended interval between smears in women with
a preceding history of normal smears. Women with an abnormal cervical screening
test or unsatisfactory result in the 5 years preceding 2008-2009 were excluded
because a prior abnormal or unsatisfactory test could have led to a recommendation
for more frequent cervical screening. Absolute age-standardised rates of participation
in cervical screening were also estimated in the same women over the same period.
The participation rates (except when estimated in categories of % NESB migrants)
were adjusted for the estimated proportion of NSW women who had undergone a
hysterectomy as described in the Methods. Patterns of LBC uptake and screening
participation were analysed by age, SES and area of residence. It also was described
by % of NESB migrants and provider type.
Third we analysed LBC uptake in a subsequent smear, according to the results of
a prior smear (the index smear). We identified a cohort of women aged 20-67 who
had a smear (the index smear) in the period from 1 July 2006 to 30 March 2008, at
least one subsequent smear (next smear) within 27 months of the index smear, and
excluded any with a history of cytological or histological abnormalities or an
unsatisfactory result in the five years before the index smear. We made this
exclusion so we could analyse the effects of a ―first‖ abnormal or unsatisfactory
smear on LBC uptake. We selected women aged 20-67 to allow each woman enough
follow up time for a second smear as women are not reminded when a smear is
overdue after 69 years of age. We then used unconditional logistic regression to
calculate the crude and adjusted odds ratios (ORs) for use of adjunctive LBC testing
in a subsequent smear within 27 months by age, area of residence, SES, % of NESB
migrants, type of test, the results of the index smear, and the screening provider type
for the subsequent smear. Unconditional logistic regression was used to calculate the
odds ratios for each variable as unadjusted (crude), age-adjusted, and adjusted for all
other baseline variables described here. Analysis of the LBC uptake by the % of
NESB migrants was done only in major cities because there are very few in regional
and remote areas.
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5.3 Results
5.3.1 Time trends in LBC uptake
The analyses of time trends in LBC uptake were based on a total of 2,704,439
cervical cytology reports and an average of 169,027 per quarter of observation,
1,740,537 in women with a preceding normal history and 317,365 in women with an
abnormal history. The least precise quarterly values, LBC uptake in women with an
abnormal history, had 95% confidence intervals that averaged 1.59% of the quarterly
value. The overall quarterly age-adjusted LBC uptake percentage decreased slightly
from 29.7% in the third quarter (Q3) of 2006 to 26.6% in Q2 of 2010 (results not
shown). In women with a normal smear history in the previous five years, the LBC
uptake fell slightly from 28% in Q3 of 2006 to 25.3% in Q2 of 2010 (Figure 5.1).
LBC uptake by women with a history of an abnormal smear in the preceding five
years remained stable over the four-year observation period: it was 44.7% in Q3 of
2006 and 44.0% in Q2 of 2010.
Figure 5.1 Trends in age-adjusted LBC uptake from late 2006 to early 2010 by
preceding smear history in NSW women 20-69 years of age
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5.3.2 Biennial LBC uptake and screening participation
For all women 20-69 years of age and with a preceding normal smear history over
5 years, the uptake of LBC in the period 2008-2009 was 26.3% and screening
participation was 40.1%. Reported screening participation for all NSW women 20-69
years of age, adjusted for hysterectomy, over the preceding two years (the most
recently reported period) was 58.8% (15). Our lower value reflects the exclusion of
women with preceding abnormal smears.

5.3.2.1 Age
LBC uptake increased with age from a low of 19.0% at 20-24 years of age to a
peak of about 30.0% at 30-39 and 40-44 years of age (Figure 5.2). Thereafter, it fell
to 21.7% at 65-69 years of age. Screening participation, while also showing a rising
and falling pattern, peaked later at 55-59 years of age.
Figure 5.2 Biennial LBC uptake and screening participation percentages in 2008-2009
by age in women 20-69 years of age with a preceding normal smear history over five
years
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5.3.2.2 Socioeconomic status (SES)
The highest LBC uptake and screening participation percentages (45% and 44%,
respectively) were observed in those in the highest SES quintile and were lower in
all other SES quintiles (Figure 5.3). LBC uptake fell more-or-less progressively with
falling SES to the lowest SES quintile (15% uptake), while participation was steady
from the second to the fifth quintile of SES (~39%).
Figure 5.3 Age-adjusted LBC uptake and screening participation percentages in 20082009 by socioeconomic status in women 20-69 years of age with a preceding normal
smear history over five years
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5.3.2.3 Area of residence
LBC uptake was highest in women who lived in major cities (32%) and fell
progressively with increasing remoteness to the lowest proportion in those who lived
in remote or very remote areas (8%). There was little evidence of a consistent trend
in participation with increasing remoteness, although the lowest participation was in
women who lived in remote or very remote areas (35%) (Figure 5.4).
Figure 5.4 Age-adjusted LBC uptake and screening participation percentages in 20082009 by area of residence in women 20-69 years of age with a preceding normal smear
history over five years
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5.3.2.4 Non-English speaking background migrants
Adjunctive LBC use decreased as percentage of NESB migrants increased, it was
highest in areas with less than 12.5 % NESB (41.7%) and the lowest in areas with
62.5 % or more NESB migrants (15.6%) (Figure 5.5). Biennial participation
decreased as percentage of NESB increased if excludes those areas with the lowest
percentage of NESB (It was estimated only for major cities).
Figure 5.5 Age-adjusted LBC uptake and screening participation percentages in 20082009 by % NESB in women 20-69 years of age with a preceding normal smear history
over five years (major cities only)
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5.3.2.5 Provider type
Adjunctive LBC was used in 26.3% of smears taken by general practitioners (age
adjusted), 42.3% of the smears taken by gynaecologists and obstetricians and 19.9%
of smears taken by other or unknown practitioners.

5.3.3 Longitudinal analysis of LBC uptake
There were 360,274 women 20-67 years of age with a normal cytology history in
the previous 5 years who had at least one subsequent smear within 27 months of an
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index smear taken between 1 July 2006 and 30 March 2008. LBC uptake for the
subsequent smear differed according to the index smear‘s results (Figure 5.6). In
women who had a normal index smear, the LBC uptake proportion in the subsequent
smear (29.8%) was slightly less than in the index smear (30.6%). By contrast, in
women who had an abnormal result for the index smear, the LBC uptake proportion
in the subsequent smear (49.9%) was appreciably greater than in the index smear
(36.0%). The difference in LBC uptake between subsequent and index smears was
even greater when the subsequent smear (30.3% LBC uptake) followed an
unsatisfactory result for the index smear (8.9% uptake); although the LBC uptake in
the subsequent smear was little different from that in a subsequent smear that
followed a normal smear (29.8%).

Figure 5.6 LBC uptake percentages in index (preceding) and subsequent smears
according to whether the index smear was normal, abnormal or unsatisfactory

Uptake of LBC was also much more likely in the subsequent smear if it had been
used for the index smear, 71.0%, than if had not, 13.9%
In a logistic regression analysis of the determinants of adjunctive LBC use for the
subsequent smear (Table 5.1), both an abnormal result and an unsatisfactory result in
the index smear strongly predicted LBC use – OR 2.62 (95% CI 2.53-2.72)
following an abnormal result and 2.37 (95% CI 2.27-2.47) following an
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unsatisfactory result – after adjusting for age, index test type (conventional cytology
alone or with adjunctive LBC), provider type, SES and area of residence.
Appearance only in the fully adjusted model of the high OR for LBC following an
index unsatisfactory result is explained by inclusion of index test type in the model.
Index test type was very strongly associated with LBC uptake in the subsequent test
with an OR of 13.6 (95% CI 13.33-13.84) for LBC in women‘s whose index test
included LBC, after adjusting for index test result, age, SES, area of residence and
provider type. Age, SES, area of residence, and provider type were associated with
LBC uptake independently of each other, index test result and index test type, with
patterns of ORs similar to those shown for age adjusted LBC uptake in 2008-2009
(Figures 5.2-4 and text). In a separate model based only on major cities and
substituting % NESB migrants for SES (they were too highly correlated to be
included in the same model) the OR for LBC use fell progressively from 1.0 in areas
with <12.5% NESB to 0.41 (95% CI 0.39-0.43) for areas with >62.5% NESB,
adjusting for index test result, index test type, age and provider type.
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Table 5.1 Odds of LBC uptake in subsequent smear within 27 months by characteristics of index smear
Characteristics of index smear
LBC uptake
Crude
95% CI
Age adjusted
(yes/no)†
OR
OR

95% CI

OR (1)

95% CI

Age
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60+
P-value

5300/13799
9450/20612
14530/28098
16877/32436
16584/32435
15533/33785
12778/30331
10721/27868
9670/28666

0.74
0.88
0.99
1.00
0.98
0.88
0.81
0.74
0.65
<0.001

0.71-0.77
0.85-0.91
0.97-1.02
0.95-1.01
0.86-0.91
0.79-0.83
0.72-0.76
0.63-0.67

0.74
0.88
0.99
1.00
0.98
0.88
0.81
0.74
0.65
<0.001

0.71-0.77
0.85-0.91
0.97-1.02
0.95-1.01
0.86-0.91
0.79-0.83
0.72-0.76
0.63-0.67

0.82
0.92
0.98
1
1.02
0.94
0.90
0.84
0.79
<0.001

0.78-0.86
0.89-0.96
0.95-1.02
0.99-1.05
0.91-0.97
0.86-0.93
0.81-0.87
0.76-0.82

Normal
Abnormal
Unsatisfactory
P-value‡

96675/227757
10488/10521
4244/9752

1.00
2.35
1.03
<0.001

2.28-2.42
0.99-1.06

1.00
2.42
1.03
<0.001

2.35-2.49
0.99-1.06

1.00
2.62
2.37
<0.001

2.53-2.72
2.27-2.47

CC
LBC+CC
P-value

34589/214448
75785/31034

1.00
15.14
<0.001

14.88-15.41

1.00
15.13
<0.001

14.87-15.40

1.00
13.58
<0.001

13.33-13.84

General practitioners
Gynaecologists
Other and unknown
P-value

86020/207305
21997/27330
581/2183

1
1.94
0.64
<0.001

1.90-1.98
0.59-0.70

1.00
1.91
0.65
<0.001

1.89-1.95
0.59-0.71

Cytological results

Type of test

Provider type (subsequent smear)
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1.00
1.50
0.73
<0.001

1.46-1.54
0.65-0.82

Table 5.1 Continued
Characteristics of index smear

LBC
uptake Crude OR
(yes/no)†

95% CI

Age adjusted 95% CI
OR

OR (1)

95%CI

Area of residence
Major city
Inner regional
Outer regional
Remote/very
remote
P-value

72966/123080
32285/89201
5542/33160
273/2089

1
2
3
4
5
P-value for trend

48282/47718
24279/44241
14712/57086
12939/48864
10854/49621

1.00
0.61
0.28
0.22

0.60-0.62
0.27-0.29
0.19-0.25

<0.001

1.00
0.62
0.29
0.22

0.61-0.63
0.28-0.30
0.20-0.25

<0.001

1.00
0.83
0.66
0.68

0.81-0.85
0.63-0.68
0.57-0.80

<0.001

Socioeconomic Status (SES)
1.00
0.54
0.25
0.26
0.22
<0.001

0.53-0.55
0.25-0.26
0.26-0.27
0.21-0.22

1.00
0.54
0.26
0.26
0.22
<0.001

0.53-0.55
0.25-0.26
0.26-0.27
0.21-0.22

1.00
0.68
0.44
0.45
0.41
<0.001

0.66-0.70
0.43-0.46
0.43-0.46
0.40-0.42

Percent of non-English speaking
background women (Major cities
only)§
15980/18243
1.00
1.00
1.00
<12.5%
25325/35642
0.84
0.82-0.86
0.83
0.81-0.86
0.84
0.81-0.87
12.5-<25%
14563/22360
0.77
0.74-0.79
0.76
0.73-0.78
0.81
0.78-0.84
25-<37.5%
8771/19795
0.52
0.51-0.54
0.52
0.50-0.53
0.63
0.61-0.66
37.5-<50%
4919/11144
0.52
0.50-0.54
0.51
0.49-0.54
0.67
0.64-0.70
50-<62.5%
3408/15315
0.26
0.25-0.27
0.26
0.25-0.27
0.41
0.39-0.43
62.5+%
<0.001
<0.001
<0.001
P-value
†Number of women with adjunctive LBC in a subsequent smear/number of women without adjunctive LBC.
OR (1) Adjusted for age, index smear cytology result, index smear type of test, SES, provider type, and area of residence.
§ OR (1) Adjusted for age, index smear cytology result, index smear type of test, and provider type not adjusted for SES. Model was based only on residents of major cities.
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Because of possibly important confounding of % NESB migrants with SES, we
examined the association of % NESB in three categories (<12.5%, 12.5-<37.5% and
37.5%+ NESB) with LBC uptake in two strata of SES (high, first three quintiles, and
low, last two quintiles) using <12.5% NESB and high SES as the reference category
for all ORs (Table 2). There was no <12.5% NESB and low SES category since none
of the LGA‘s with <12.5% NESB was of low SES. Crude ORs and ORs adjusted for
age, index test result, index test type, provider type and area of residence show a
clear picture. First all ORs for 12.5-<37.5% and 37.5%+ NESB were below unity.
Second, in the high SES stratum, the OR for 37.5%+ NESB (adjusted OR 0.76, 95%
CI 0.72-0.79) was clearly less than that for 12.5-<37.5% NESB (adjusted OR 0.91,
95% CI 0.88-0.94). Third, in the low SES stratum, the ORs for 37.5%+ and 12.5<37.5% were essentially identical (adjusted ORs each 0.47). Thus an association of
higher % NESB migrants with less LBC uptake that is independent of SES is
possible, but residual confounding between it and SES in the high SES stratum, on
which this possibility depends, might explain the association.
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Table 5.2 Odds of LBC uptake in a subsequent smear within 27 months by percent non-English speaking background in strata of SES* (major cities
only)
LBC uptake (yes/no)†
Crude OR
95% CI
OR (1)
95% CI
High SES*, <12.5% NESB

15980/18824

1

-

1

-

High SES, 12.5-<37.5%NESB

36220/45295

0.94

0.92-0.97

0.91

0.88-0.94

High SES, 37.5%+NESB

8358/14680

0.67

0.65-0.69

0.76

0.72-0.79

Low SES, 12.5-<37.5%NESB

3668/12706

0.34

0.33-0.35

0.47

0.46-0.50

0.47

0.45-0.49

8740/31574
0.33
0.32-0.34
Low SES, 37.5%+NESB
*SES: socioeconomic status
† Number of women with adjunctive LBC in a subsequent smear/number of women without adjunctive LBC
OR (1) Adjusted for age, index smear cytology result, index smear type of test, and area of residence
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5.4 Discussion
There is little known about uptake of LBC in NSW. We used data from the Pap
Test Register (PTR) to examine patterns of uptake of adjunctive LBC in NSW. We
found that uptake of LBC in NSW was steady at about 30%. This rate cannot be
readily compared with rates in other countries because Australia is relatively unique
in using adjunctive LBC testing. LBC is used as alternative to conventional cytology
in countries such as UK, Ireland, USA and Canada; it is widely used in the USA and
Canada (3, 22). Simple descriptive analyses demonstrated associations between LBC
uptake and a range of other variables, including age, socioeconomic status, area of
residence, provider type and percentage of NESB migrants. A multiple logistic
regression analysis suggested that, with the possible exception of percentage of
NESB, these associations are largely independent of one another. Percentage of
NESB is strongly associated with SES and this may explain the observed fall in LBC
uptake as percentage of NESB increased.
There is limited literature on the epidemiology of LBC use. We found only one
comparable study done in the US by Hing et al (23), who examined the extent of
LBC use by patients‘ and practices‘ characteristics. LBC use was found to be most
common in metropolitan areas and in women 25-44 years of age; obstetrics and
gynaecology (O&G) specialists were more likely to order LBC (79.3%) than general
practitioners (65.6%) and other practitioners (63.0%). LBC was more likely to use
for woman who had a private health insurance. White women were more likely to
have LBC than Black women and other ethnic groups. In a multivariable logistic
regression analysis, however, only having private insurance remained statistically
significant (p<0.05)
In our study, LBC uptake was higher in women with an abnormal smear history
or a history of an unsatisfactory result than in women with normal smear history. For
prior abnormal smear, this association is probably explained by concerns created by
a previous abnormal result in women and cervical screening providers that lead to a
wish to be as certain as possible about the next result. However, LBC as a choice
after having an abnormal test has not been supported by recent evidence on the
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comparative accuracy of LBC and CC (12, 13). In a US study examining
willingness-to-pay for the LBC, it was found that women with a history of an
abnormal Pap test were more likely to pay for LBC compared with those without a
history of an abnormal Pap test, although the difference was not statistically different
(24). Occurrence of an unsatisfactory result would also be expected to lead women
and the cervical screening provider to want to avoid an unsatisfactory result on the
next occasion. Here, there is evidence internationally that unsatisfactory results are
less likely with LBC than with conventional cytology (12). Results of a study in
Scotland revealed that women prefer to pay for LBC to reduce the chance of being
recalled and have fewer repeat cervical smears that might be as result of
unsatisfactory smear (25). It has also been found that women are more likely to
choose a particular test if their doctor recommends it (26) suggesting that doctors‘
beliefs in the superiority of LBC over CC, based on their education or perhaps
commercial promotion, may play a role in choosing LBC following an abnormal or
unsatisfactory smear. However, in Australian context the rate of unsatisfactory smear
(2.2%) has been found to be comparable to LBC unsatisfactory rates (1.8%) (11).
We found a similar pattern of increasing uptake of LBC with age as was seen with
screening uptake, but with an earlier and more pronounced fall in LBC uptake with
age. The similar pattern of increase suggests that health concerns and other
motivations that lead women to participate in cervical screening also lead them
accept the presumed extra benefits of LBC. The earlier and steeper fall in LBC
uptake with age suggests that after the experience of several smears with adjunctive
LBC that give concordant results some women will decide not to keep paying for
LBC. There may also be a similar effect on screening participation after multiple
normal smears but it appears to be weaker, probably because that would be removing
the ―safety net‖ against cervical cancer entirely. There is evidence that most women
aged ≥40 prefer to continue cervical screening and are resistant to the idea of less
frequent screening (27).
LBC fell strongly with falling SES and more strongly than did screening
participation. The factors (not necessarily financial) that underlie less screening
participation in lower SES women might also make them less likely to accept LBC
when screened. That LBC is also optional and an ―out of pocket‖ expense might
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reasonably be expected to make this association with SES stronger than the
association of screening participation with SES. Research on women‘s preferences
for LBC showed that women with more education (24) and higher income (26) were
more likely to choose LBC.
LBC fell strongly with increasing remoteness of residence and more strongly than
did screening participation. The factors (not necessarily financial) that underlie less
screening participation in women living more remotely might also make them less
likely to accept LBC when screened. In the US study referred to above, it was found
that LBC uptake was higher in metropolitan areas (23). That LBC is also an optional
expense might make this association with remoteness of residence stronger than the
association of screening participation with remoteness of residence, particularly if
confounding with SES has not been completely controlled for. There could also be
other factors operating, including different screening service providers and provider
attitudes in more remote areas.
LBC uptake was greater when screening was done by an Obstetricians &
Gynaecologists than by a General Practitioner or another or unknown service
provider. This difference may be due to stronger and, perhaps, more authoritative
recommendation of LBC by an O&G specialist than by a GP or another or unknown
screening service provider. The majority of O&G specialists in the US use the LBC
method of sample collection (23, 28, 29).Alternatively; this finding might reflect the
patient population referred to Obstetricians& Gynaecologists who are more likely to
have a recent abnormal smear result. Ultimately, however, the reason for this
difference in LBC uptake by practitioner type was not known and could be the issue
for further research.
LBC uptake may be less in NESB migrant women than in other women but
residual confounding of percentage of NESB with SES cannot be excluded in our
analysis. Adjunctive LBC use decreased as percentage of NESB migrants increased.
This might be due to the need for and time required explaining the LBC test and its
usefulness in this group of women. There is no obvious reason why an NESB
woman who accepts cervical screening would be more or less likely than a nonNESB woman to accept LBC. Hing et al in 2011 in US population, found that LBC
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was less likely to be used by black or other ethnic groups compared with white
women (23). However, in our study the fact that in NSW, LBC uptake tends to
follow changing screening participation with age, SES, and area of residence
supports the possibility that since NESB women have lower screening participation
than non-NESB women (see Chapters 3 and 4) they will also have lower LBC
uptake.
Our study has some strength and some limitations. To our knowledge, this is the
first study of the epidemiology of LBC to be conducted in an Australian setting. We
used a state-based registry in which only a small proportion of women (0.8%) choose
not to share their identifiable information with PTR and with a high overall
screening participation rate: 2-yearly rate 58.8% and 3-yearly rate: 71.1% for women
aged 20-69 years (15). The main limitation of this study was including just NSW in
the analysis. NSW is likely to have differing LBC uptake from the other states; for
example anecdotally rates may be much lower in the state of Victoria. Another
limitation is here we used LGA instead of individual characteristics, to classify SES
and percentage of NESB migrants to classify ethnic origin; which were not optimal
approaches to measurement, they may be confounded by other area-based factors.
In conclusion, Australia provides a unique opportunity to study factors that
influence LBC uptake because of the availability of organised cervical screening
with free or subsidised conventional cytology and availability of adjunctive LBC at a
cost. Present evidence suggests that the principal and possibly only benefits of LBC
are the lower probability of an unsatisfactory result (although this is in the context of
a currently very low rate for CC in Australia) and the usability of the specimen for
HPV testing. However pressure for subsidised LBC in Australia is likely to increase.
These data provide no evidence that is material to a decision whether to subsidise
LBC or not, except to note that the 30% duplication of screening tests in NSW is a
poor use of scarce health resources. The results do, however, point to the possibility
of both similar and different factors driving the decisions of women whether to be
screened at all and, if screened, whether to accept an offer of LBC. Further research
into women‘s decision making about LBC and its relationship to decision making
about screening may lead to insights that would suggest ways of increasing women‘s
overall participation in cervical screening.
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CHAPTER 6

Conclusions
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6.1 Introduction
The incidence of cervical cancer has fallen substantially since to the establishment
of organised cervical screening programs in developed countries. Cervical cancer is,
however, one of the commonest cancers in women in developing countries, and has
its highest incidence in women in Sub-Saharan Africa, Central America, SouthCentral Asia, and Melanesia. Women who migrated from these high risk and low
sensitive screening areas to a low risk country like Australia may have different
screening behaviour compared to women born in the host country. Since the
introduction of organised screening in Australia in 1991, the incidence and mortality
rates of cervical cancer among women over 20 years of age have fallen substantially.
However it has not previously been known whether this decline has been uniform in
all region of birth and whether all women have shared, or are sharing, equally in the
benefits of an organised approach to cervical screening.
In this chapter I first briefly summarise the main findings of each chapter and
associated remarks from each of the studies performed; then the main strengths and
limitations of the current thesis are presented; and in the final section I describe how
future epidemiologic research can potentially build on these findings and discuss
some implications for public health.

6.2 Summary of findings
6.2.1 Introduction
There are continuing disparities in cervical cancer incidence and mortality and
cervical cancer screening among sub-groups of women in the Australian population.
Those at a disadvantage include women of lower socioeconomic status, women from
different racial or ethnic background to the majority population, and women living in
remote or very remote areas. This can reflect the gap between reality and health
equality goals. To fill health and health services gaps between population sub-groups
research evidence is required. Lack of comprehensive studies in migrant groups,
small sample sizes, problem with verification of country of birth, self reported
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outcomes, and small, unrepresentative surveys were the common problems of prior
studies about the cervical cancer among migrant groups internationally and in
Australia. There is insufficient evidence, particularly in Australia, focused on the
interaction between ethnicity and SES in relation to cervical screening behaviours.
Since ethnicity and socioeconomic status are tied closely together there was a need
to fill the gap in currently available research in relation to cervical screening and to
identify, among other things whether ethnic disparities are due to SES or to factors
associated directly with ethnicity itself such as language barriers, lack of knowledge,
unfamiliarity with health system in host country, and cultural factors.

6.2.2 Trends in incidence and of and mortality from
cervical cancer in NSW in relation to Country of Birth
Organised cervical screening introduced from 1991 was effective in increasing
the rate of decline in the incidence and mortality of cervical cancer in the whole
population of women 20+ years of age in NSW, although there was only weak
evidence for an increase in the rate of fall in mortality in women 50+ years of age.
Women born in Asia, the Middle East and North Africa appeared to have shared in
this increase in the rates of fall in cervical cancer incidence and mortality to a similar
degree to Australian-born women. This pattern was consistently present for
incidence and mortality by age and in women born in Australia, New Zealand, the
United Kingdom and Ireland and Asia. It was inconsistently present for women born
in Europe other than the United Kingdom and Ireland, the Middle East and North
Africa and the Rest of the World, and least likely to be present for women born in
the Rest of the World. The greater inconsistency that was observed in mortality rate
trends than incidence rate trends suggests that factors other than screening,
particularly more advanced disease at diagnosis and poorer treatment, perhaps due to
difficulties in gaining access to best treatment, may have influence that patterns for
women in some migrant groups. Recent changes patterns of migration to Australia
from different countries may also have contributed to this inconsistency.
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6.2.3 Participation in recommended cervical screening by
Asian and Middle Eastern migrants in Australia <40 years
of age
Women of reproductive age (<40 years) born in Asian and Middle-eastern
countries were less likely than Australian-born women to participate in cervical
screening at the recommended interval. Both sets of women were studied in periods
of several years after they had borne a child. Their likelihood of screening also
varied less with socioeconomic status, parity and smoking than it did in Australianborn women. The screening rates were least in women born in South Central Asia.
The observed disparities were less in women selected for study following an episode
of hospital care for other than childbirth, which may indicate that contact with health
services results in increased cervical screening. The novel findings that screening
rates in migrant women appear little influenced by SES, parity and smoking, which
are associated with screening in Australian-born women, probably indicate that other
factors, such as cultural and language barriers to use of health services, attitudes to
cancer and lack of knowledge of prevention programs, dominate screening
participation in migrant women. Thus greater attention to these factors may assist in
increasing cervical screening uptake in ethnically diverse migrant women in
countries with otherwise high screening rates. Since the rate of fall in cervical
screening with increasing age appeared to be steeper in migrant women than
Australian-born women, suggests that older migrant women are also a special risk
group.

6.2.4 Participation in cervical screening by older Asian and
Middle Eastern migrants in New South Wales, Australia
Older women from the Middle East and North and South Eastern (other) Asian
countries appeared have similar overall screening participation to that in Australianborn women. Women from South Central Asia, however, had lower screening
participation. When a rough correction was made for hysterectomy prevalence by
region of birth and age, an apparent excess of screening in women ≥40 years of age
from the Middle East and other parts of Asia was substantially eliminated, while the
apparent deficiency in screening in women from South Central Asia increased.
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Screening was less in women of lower socioeconomic status (SES) in Australianborn women, but this trend was not observed in the older migrant women, as in the
younger migrant women. Thus here too, effects of ethnicity on screening in migrant
women appeared to be independent of SES and thus probably due to factors related
to directly to ethnicity itself. Screening participation fell more steeply with
increasing age in Middle Eastern and in other Asian women than it did in Australianborn women. In South Central Asian women, however, it appeared to fall little if at
all with increasing age.

6.2.5 Patterns of Uptake of Liquid-Based Cytology (LBC) in
Women in NSW, Australia
Australia‘s cervical screening program is based on the use of conventional
cytology and women must pay for adjunctive LBC. LBC uptake in NSW is high
(~30% of all women screened) but steady. LBC uptake varied with age in a similar
way to screening participation. Simple descriptive analyses demonstrated
associations between LBC uptake and a range of other variables. LBC uptake was
lower among people of older age, low socioeconomic status; living in remote/very
remote areas, and in areas with a higher percentage of non-English speaking
background (NESB) migrant people. A multiple logistic regression analysis
suggested that, with the possible exception of percentage of NESB migrants, these
associations were largely independent of one another. Percentage of NESB is
strongly associated with SES and this may explain the observed fall in LBC uptake
as percentage of NESB increased. However, an independent effect of percentage of
NESB migrants is possible and plausible. The results do raise the possibility that
some of the underlying factors related to the decision to be screened may be similar
to those underpinning the decision to choose to have adjunctive LBC testing.

6.2.6 Conclusions
Incidence and mortality from cervical cancer fell after the introduction of
organised cervical screening in NSW. While this fall was shared by migrant women
from Asia and the Middle East, their participation in cervical screening at the
recommended interval is less than that in Australian women, particularly in women
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under 40 years of age. The disparity in women from South Central Asia is
particularly great. Language and cultural factors are probably the main causes of
these differences; SES appears not to be important. Women‘s contact with the health
service for reasons other than cervical screening may reduce the disparity, perhaps
because of awareness and availability of service. Use of adjunctive LBC, while
strongly determined by a range of other factors, including in particular the most
recent cytology result, preceding test type, SES, area of residence, appeared also to
be less in women of non-English speaking background than in other women in
NSW. The use of LBC showed similar patterns of variation with age, SES, area of
residence as participation in any cervical screening, which suggest that factors that
drive biennial participation may also drive LBC uptake. The persisting disparities in
cervical screening uptake by country of birth in NSW, particularly in women from
South Central Asia, present a challenge to cervical screening services and for
research.

6.3 Strengths


To my knowledge this thesis reports the first trends analysis to focus on
screening program outcomes by country of birth. It examined trends in
cervical cancer incidence and mortality before and after the introduction
of an organised cervical screening program that compares these trends
between migrant women and native women in a developed country.
Strengths of this analysis include its use of a reliable data source based on
the central cancer registry for a large population, the long period of time
over which the analysis was done and the near equality in the periods
before (17 years) and after (18 years) the introduction of an organised
approach to screening in 1991.



To my knowledge this is the first analysis of cervical screening behaviour
by country of birth and socioeconomic status in Australia using a large
sample size and actual individual-level screening records. Linkage
between large databases including the NSW Pap Test Register (PTR) with
the NSW Midwives Data Collection (MDC), and Admitted Patients Data
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Collection (APDC) enabled access to country of birth and provided a large
sample size for investigation.


This is the first study of the epidemiology of LBC to be conducted in an
Australian setting and one of few worldwide. We used a state-based
registry in which only a small proportion of women (0.8%) choose not to
share their identifiable information with PTR. Use of this data also
allowed a large sample size of women to be investigated.

6.4 Limitations


Lack of hysterectomy data by year, country of birth and age was the main
limitation of this thesis. This was the case for chapters 2 and 4 where it
was important to estimate the population at risk of cervical cancer by
birthplace. The hysterectomy fraction for women in NSW was available
by age only from 1997 onwards, and by country of birth only for 20062009. In addition, at the time of the analysis, data were not available by
country of birth and age jointly. As a consequence, the analyses of trends
in Chapter 2 were based on the whole population of women without
correction for hysterectomy. To minimise the effect of hysterectomy on
results of chapter 4, we roughly estimated hysterectomy prevalence from
country of birth data for 2006-2009 and age data for 2008. The results
would be more certain, however, if this correction could have been made
more accurately.



Our samples for study in chapter 3 and 4 were not representative of the
general population of women from the Middle East and Asia in NSW.
Samples were based on MDC and APDC cohorts that were linked to PTR
records to examine cervical screening uptake by country of birth. MDC
records covered women who had given birth to a child and APDC records
covered women who had been hospitalized. Neither is necessarily a
representative sample of the general population.
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Patterns of LBC were studied only in NSW. This is not representative of
all states in Australia, as anedoctal evidence suggests that NSW is likely to
be different from the other states. There was no access to individual
country of birth data to examine LBC uptake by country of birth. The
analysis was performed at the local government area (LGA) level, using %
NESB migrants in each LGA, not at the individual level.

6.5 Implications for future epidemiologic research
There are some implications for further epidemiologic research based on the
findings of this thesis. In country like Australia where 25% of the population are
overseas-born, addressing health inequalities in ethnic groups is important. We
summarized these implications in six major areas as follow:


Our finding showed that migrant women from South Central Asia had the
lowest rate of cervical screening, regardless of SES. Our findings were
made in the context of known low screening coverage and knowledge
about the cervical screening in South Asia, however, we could not identify
the underlying reasons for why this group of migrant women was less
likely to be screened in Australia than other NESB migrant women.
Therefore research is required: 1) to determine the main reasons for lower
screening rates in women from South Central Asia and 2) to use the
knowledge so obtained to research possible approaches to reducing this
disparity.



Lack of hysterectomy data was the main limitation of this PhD project. It
is possible that, in time, if not now, information on hysterectomy in the
APDC could be used, through internal linkage and linkage with other data
sets as necessary, to estimate prevalence of hysterectomy by year, age and
country of birth in NSW women. Estimates so obtained could be validated
against recent data from the NSW Health Survey. It may also be possible
for the NSW Health Department to extend its analysis to provide annual
hysterectomy prevalence by country of birth and age to facilitate further
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investigations, at least for the period during which these data have been
collected.


Our results were limited by the kinds of populations of women available
to link to the PTR to obtain accurate data on country of birth. This would
not be a problem if there were a fully population-based source of data on
country of birth. There are at least two possible solutions to this problem.
1) Since the cytology laboratories are the sources of information for the
Pap Test Registers, data on birthplace could be notified to it if pathology
laboratories were to include country of birth on Pap test request forms. 2)
As more data sets are included in the Centre for Health Record Linkage‘s
master linkage key, the key may itself become a source from which to the
population can be sampled. Its usefulness for the present purpose,
however, might still be limited by lack of inclusion of country of birth in
major datasets. Research should be undertaken to see if either of these
solutions might be feasible. Anticipating future research needs, it could
also be worthwhile to add country of birth to the National HPV
Vaccination Program Register so that ethnic origin can be considered
when examining the impact of HPV vaccination on Pap Test uptake in the
future.



Differences in the rates of cervical screening in women born in the Middle
East and Asia, relative to those in Australian-born women, obtained from
the MDC and the APDC datasets suggested the possibility that cervical
screening in these migrant women may be increased by contact with
health services. This possibility should be explored in further research.



Migrants from the Middle East and North Africa and the Rest of the
World had mortality rate trends after the introduction of organised
screening in 1991 that were inconsistent with incidence rate trends. This
may indicate that these groups are diagnosed with cervical cancer at a
more advanced stage or receive poorer treatment for cervical cancer than
other Australian women. These possibilities should be investigated.
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The approach used in this thesis to evaluate cervical screening by country
of birth could be used with other data to construct mathematical models
that predict lifetime cervical cancer incidence and mortality risk in
migrant women, taking into account their cervical cancer risk at the time
of migration, their screening in Australia, their stage of cervical cancer at
diagnosis and the quality of the treatment they are likely to receive for
cervical cancer. Such models could provide guidance as to the priorities
for intervention in migrant women to reduce their incidence of and
mortality from cervical cancer. In addition, they could also be used to
evaluate impacts of HPV vaccination and, perhaps, screening for HPV
infection on these outcomes. Females who migrate to Australia from
countries without HPV immunisation programs after the age at which they
are eligible for HPV vaccination in Australia (first year of high school)
will be at higher risk of cervical cancer than their Australian-born
counterparts. If they also have lower levels of participation in cervical
screening, this disparity will increase further. Such effects could be
anticipated and planned by appropriate use of models constructed as
suggested.

6.6 Implications for public health
Our results showed that younger migrant women from the Middle East and Asian
countries and, in particular, migrant women from South Central Asia had a lower
participation rates in cervical screening than Australian-born women. These lower
participation rates appear not to be due to lower SES. Further, it appeared that for
women born in the Middle East and in North and South East Asia the rate of cervical
screening falls faster with increasing age than it does in Australian-born women.
Thus, in addition to commissioning research to understand the reasons for these
findings, public health authorities should recognise women from Middle Eastern and
Asian countries and particularly women from South Central Asia as priority groups
for evidence-based programs aimed at increasing uptake and maintenance of cervical
screening in accordance with National Cervical Screening Program guidelines.
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