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Abstract 

Background: Chlamydia is the most common sexually transmitted infection (STI) in Canada. 

Although the literature has focused on individual-level risk factors as the greatest determinants 

for chlamydia infection, more recent research has investigated the role of neighbourhood 

socioeconomic status (SES) on risk for chlamydia infection. The present study aims to 

investigate the relationship between multiple area- and individual-level risk factors and 

chlamydia infection in a sexual health clinic. 

 

Methods: Individuals who were tested for chlamydia at the Kingston, Frontenac and Lennox & 

Addington (KFL&A) Public Health sexual health clinic from April 2016 to March 2017 were 

included in this study. The four indices of the Ontario Marginalization (ON-Marg) Index; namely, 

material deprivation, dependency, residential instability and ethnic concentration, were used as 

measures of neighbourhood SES. Individual-level risk factors included variables that were 

captured from the questionnaire administered at the time of examination. Logistic regression 

was used to compute odds ratios (OR) for all risk factor variables. Outcome data was plotted on 

a geographic information system (GIS) to compare marginalization differences based on 

chlamydia test result. 

 

Results: A total of 1775 individuals were tested for chlamydia at the Clinic, with 208 (11.7%) 

testing positive on their first Clinic visit. Age (OR=4.84, 95% CI 2.18-10.74; <20 versus >40 

years), number of sexual partners in the previous 2 months (OR=3.11, 95% CI 1.06-9.10; 2 

partner versus no partners), condom use (OR=2.09, 95% CI 1.07-4.09; rarely versus always using 



 iii 

condoms), and STI contact (OR=6.16, 95% CI 4.35-8.74) were significant individual-level 

predictors for infection. Apart from ethnic concentration of the ON-Marg Index, there was a 

trend suggesting an association between the highest levels of marginalization and increased 

odds of chlamydia infection compared to the lowest levels of marginalization. However, this 

association was only statistically significant for the dependency index (OR=1.90, 95% CI: 1.05-

3.43; most deprived versus least deprived). 

 

Conclusions: Populations living in highly marginalized neighbourhoods, an established marker 

of low SES, were found to be at a significantly higher odds for chlamydia infection for one of the 

four ON-Marg indices; namely, dependency. More research is warranted to further clarify the 

role of neighbourhood SES on the risk of chlamydia infection. 
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Chapter 1 

Introduction 

1.1 General Overview 

Chlamydia, caused by the bacterium Chlamydia trachomatis (CT), is the most common sexually 

transmitted infection (STI) in Canada 1, with an estimated 325 cases per 100,000 population in 

2015 2. If left untreated, chlamydia can lead to complications such as genital inflammation, 

infertility, and ectopic pregnancies in women, as well as infertility and inflammation of the 

testicles and prostate in men 3,4. Being infected with chlamydia can also increase the risk of 

being infected, if exposed, by the human immunodeficiency virus (HIV) 5. Known risk factors for 

chlamydia infection include being sexually active before the age of 25, having new and/or 

multiple sexual partners, having a high-risk partner (includes individuals who have a sex 

partner(s) infected with chlamydia), not using condoms, and having been diagnosed with a 

previous STI 4,6,7. 

 The socioeconomic status (SES) of an individual is comprised of multiple factors which 

may affect a variety of health outcomes. The association of many health outcomes with SES has 

been widely demonstrated in multiple epidemiological studies and has become routine in 

analyses. There is evidence that physical, psychological, social, and spatial neighbourhood 

characteristics, or an individuals’ neighbourhood socioeconomic characteristics, can have a 

powerful influence on the health of an individual 8–11. More recently, low neighbourhood SES 

has been found to be associated with an increased risk for chlamydia infection 12–15. Previous 

studies have used a variety of measures to assess an individual’s neighbourhood SES, such as 

using items on a questionnaire, census data, or other composite measures.  
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 The Ontario Marginalization (ON-Marg) Index, derived from the Canadian 

Marginalization (CAN-Marg) Index, is a data tool that combines a wide range of indicators into 

four dimensions of marginalization: residential instability (i.e. owning a home, housing status, 

etc), dependency (i.e. participation in the labour force, etc), ethnic consideration (i.e. 

immigrants, visible minorities, etc), and material deprivation (i.e. unemployment, education, 

income, etc) 16. The index has been validated for health research use in Ontario 17, and is 

specifically used in research to describe the relationship between marginalization and health 

outcomes, as greater marginalization tends to be associated with higher rates of many diseases 

18.  

There are currently no studies published in the literature that examine the association 

between the ON-Marg Index and any STI, including chlamydia. That said, there have been some 

studies that have found significant associations between indices of the ON-Marg Index and 

various negative health outcomes 19–21. These studies provide some evidence to suggest that 

the ON-Marg Index is a good measure of neighbourhood SES. Numerous studies have evaluated 

SES and chlamydia infection 12–14, but none have utilized the ON-Marg Index as a measure of 

neighbourhood SES. Therefore, use of this tool in STI research for measuring an area-level risk 

factor for chlamydia infection is warranted. 

 

1.2 Public Health Significance 

The knowledge that will come from this study will be novel and will provide evidence for the 

KFL&A Public Health unit, as well as other health units, in order to better target prevention 
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interventions in specific geographic regions and to vulnerable populations, as prevention 

strategies are facilitated by understanding the transmission dynamics of the STI. 

 

1.3 Study Objectives 

This thesis was composed of three objectives: the first two are descriptive, and the third is the 

primary analytic objective of the study.   

(1) To compute and compare age and sex-specific period prevalence of chlamydia infection 

at: 

a) the Kingston, Frontenac, and Lennox and Addington (KFL&A) region level 

(referred to as “iPHIS” hereon) and the KFL&A Public Health sexual health clinic level 

(referred to as the “Clinic” hereon), and  

b) to describe the Clinic population on other general risk factors.  

(2) To visually describe area-level marginalization differences in those who tested positive 

versus negative for chlamydia infection at the Clinic. 

(3) To investigate the association between multiple area- and individual-level risk factors 

and chlamydia infection within the population attending the Clinic. 

 It is hypothesized that high marginalization and high risk sexual behaviours are associated 

with an increased odds for chlamydia infection in the Clinic population. 

 

1.4 Overview of Study Design 

This thesis project uses data from the KFL&A Public Health sexual health clinic and from the 

greater KFL&A region (iPHIS data) from April 1, 2016 to March 31, 2017. The study design of this 



 4 

project is cross-sectional, as the data from the Clinic (the risk factor questionnaire and the 

chlamydia test) was captured at the same point in time.  

 

1.5 Thesis Organization 

This thesis follows the General Forms of Theses outline by the Queen’s University School of 

Graduate Studies 22. Chapter 2 of this thesis is a literature review of the background and rates 

of chlamydia, STI clinics, the cost burden in Canada, risk factors, KFL&A, dissemination areas, 

the ON-Marg, and geographic information systems (GIS). Chapter 3 is the Manuscript, which 

addresses the three objectives presented earlier. Lastly, Chapter 4 is a general discussion of the 

findings from this study, including a summary of findings, limitations, and implications.  
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Chapter 2 

Literature Review 

2.1 Chlamydia trachomatis 

STIs are caused by microorganisms (i.e. bacteria and viruses) that can be transmitted through 

sexual contact 1. Chlamydia, an infection that is caused by the bacterium CT, is the most 

commonly-reported STI in Canada 2, although it is believed to be underdiagnosed due to the 

frequency of asymptomatic infections 3. If left untreated, chlamydia can lead to complications 

such as genital inflammation, infertility, and ectopic pregnancies in women, as well as infertility 

and inflammation of the testicles and prostate in men 3,4. Fortunately, if diagnosed and treated 

early, chlamydia rarely causes long-term complications 5. 

Being infected with chlamydia can also increase the risk of being infected with HIV if 

exposed 5. Known risk factors for chlamydia include being sexually active before the age of 25, 

having new or multiple sexual partners, having a high-risk partner (includes people who have 

more than one sex partner or sex partners who are infected with chlamydia), not using 

condoms, and having been diagnosed with a previous STI 4–6. While it is estimated that 70% of 

infected women and 50% of infected men will have no symptoms, symptomatic women may 

experience manifestations such as vaginal discharge or bleeding, pain during intercourse and 

urination, genital itching, irregular menstrual bleeding, abdominal pain and swollen glands, 

while symptomatic men may experience urethral discharge, itching and painful urination 4,7. 

Chlamydia is spread primarily by having sex (vaginal, anal, or oral) with an infected 

individual 7. It cannot be spread through kissing, touching, or sharing items (apart from sex 

toys). Chlamydia can be transmitted without ejaculation, and individuals can be re-infected 
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after being treated if re-exposed because having had an infection does not induce immunity 7. 

Although less common, a pregnant woman can transfer chlamydia to her baby during childbirth 

7. Complications in newborns include premature delivery and inflammation of the eyes, ears, 

and lungs 5.  

The incubation period, which is the period between exposure and the appearance of 

symptoms, is 7 to 21 days 8. The risk of transmission of chlamydia from a single episode of 

sexual intercourse with an infected individual is estimated to be between 10% to 20% 9. 

The risk of being infected with chlamydia can be reduced through safer sex practices, 

such as avoiding sexual contact with an individual who has STI symptoms, limiting the number 

of sexual partners, being regularly tested, and using condoms 5. 

There are several biological factors that may affect the risk of being infected with, or 

transmitting chlamydia. Previous studies have shown that breast maturity, infrequent 

menstrual cycles, and older gynaecological age (year of first menarche) are also associated with 

a lower risk of infection for women 10.  

Testing for chlamydia includes taking a sample (e.g., urine sample, vaginal swab, rectal 

swab), followed by sample processing and DNA extraction, with detection of chlamydial DNA 

using a nucleic acid amplification test (NAAT), a molecular test that detects the genetic material 

of CT 11. Detection is also performed using culture techniques in some instances. Different 

treatment regimens exist for non-pregnant adults, children, and pregnant women, but the 

usual preferred treatment is a 1 gram single oral dose of azithromycin 3. 

Because most males and females infected with chlamydia are asymptomatic, and the 

possibility of a vaccine is still years away, public health plays an important role in the 
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surveillance, prevention and control of this infection. At present, the spread of chlamydia is 

best controlled by promoting safer sexual practices, providing health services, testing, 

treatment, and notifying those who have had sexual contact with an infected person. 

 

2.2 Rate of Chlamydia  

2.2.1 Canada 

Because chlamydia has been notifiable in Canada since 1991 2, the rates and trends of the 

infection are well studied and well documented, and despite recent public health interventions, 

increased rates of reported chlamydia cases have been observed in Canada. It is difficult to 

identify the cause for increased chlamydia rates, although it is likely due to a combination of 

factors, with changes in screening practices and testing methods being among them 1,11. 

Additionally, it is important to understand that reported rates are an underestimate of true 

population incidence, as the majority of those infected with chlamydia are asymptomatic and 

therefore go undiagnosed until they undergo testing 12. 

 Data from the 2009 to 2011 Canadian Health Measures Survey (CHMS), which has a 

sample that represents 96% of the adult population, estimates the prevalence of chlamydia to 

be 0.7% (95% CI 0.4% to 1.3%) of the Canadian population, approximately 158,000 individuals 

13. The reported rate of chlamydia decreased steadily for both genders between 1991 and 1997, 

but then began a steady rise 2. Historically, reported chlamydia rates in females have been 

higher than the rates in males 2. In 2012, there were double the number of chlamydia cases for 

females compared to males in Canada, and most reported cases (80.2%) occurred in individuals 

under the age of 30 years 2.  
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 The rate of chlamydia in Canada in 2012 was 298.7 per 100,000 individuals, a large 

increase from 189.6 per 100,000 individuals in 2003 1,12. The highest reported rates were 

observed among the 20 to 24 age group 2. As age increased, the distinction between both sexes 

was not as pronounced, and was even reversed, such that more men than women were 

diagnosed with chlamydia in those aged 40 years and over.  

 

2.2.2 Ontario 

Between 2003 and 2012, an increase in the number of reported cases of chlamydia was 

observed in all provinces and territories (except in the Yukon), with Ontario experiencing the 

greatest increase (74.7%) 2. Whether this is a true increase or an artefactual one observed by 

increased screening rates and improved reporting measures is unknown, but the possibility of a 

true increase cannot be ruled out. Differences in screening behaviours between provinces may 

explain variations in chlamydia rates, as there is some evidence that higher screening rates in 

certain provinces may lead to higher chlamydia rates 2.  

 Public Health Ontario (PHO) 14 reports provincial infectious disease rates, such as 

chlamydia, for the province of Ontario. Chlamydia incidence rates were at 265.4 cases per 

100,000 in 2014, with 35,933 reported cases 12. This rate increased by 57.3% between 2005 and 

2011, but of course could in part be explained by changes in screening practices and testing 

methods 12. As more individuals are screened and tested for chlamydia, the rate may appear to 

increase throughout time. Similar to Canadian findings, more female cases were reported than 

males, with 61% of reported cases occurring in females in Ontario 12. The rates were highest in 



 12 

females and in the 20 to 24-year age group for both genders. The chlamydia incidence rates in 

Ontario were consistently lower than the Canadian rates between 2008 and 2013 12. 

 

2.2.3 STI Clinics  

  Those individuals who attend a sexual health clinic can be compared with those who 

attend other services, such as a family practitioner office, a hospital, or a school clinic. It is 

expected that the rate of chlamydia will be higher among those tested at a sexual health clinic 

because individuals who have been notified as an STI contact through public health may choose 

to get tested at that STI clinic.  

  One American study which looked at chlamydia incidence among clients of an STI clinic 

found that 13.8% tested positive after their first visit 15. Another study found that 13% of 

women who attended a sexual health clinic tested positive 16. These clinic percentages are 

much higher than the typical rate at a state or provincial level. A study in the UK explored 

whether female patients with chlamydia infection who self-refer to genitourinary medicine 

clinics (STI clinics) have different demographic characteristics to those who initially attend other 

agencies 17. Using data from three different clinics, it was found that there were no significant 

differences in age or Townsend scores (a measure of deprivation), although more Black 

Caribbean and single women self-referred to genitourinary clinics compared with other health-

care settings 17. Although there were no significant differences in age and deprivation in this UK 

population, results may differ in other countries.  

 

 2.3 Cost Burden in Canada 
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In Canada, the reported rate of chlamydia has increased, meaning that the resulting burden of 

cost has also increased. Prior to developing strategies to prevent and control chlamydia 

infection, it is important to first evaluate the costs and burden of the infection. Using 

mathematical models, one study attempted to estimate disease burden using an age and 

gender-structured mathematical model of chlamydia transmission by creating a “susceptible-

infectious-recovered-susceptible” (SIRS) model 18. This study found that the costs of screening 

and treatment of asymptomatic infections as a proportion of total chlamydia costs increased 

over time, while the costs of long-term infection associated with untreated infections declined. 

Although average estimated costs were $51.4 million per year, enhanced screening is thought 

to be highly cost-effective 18. Another study estimated the direct costs of drugs, hospitals, and 

physician billings for chlamydia and gonorrhea (GC) in the year 2000 using the Economic Burden 

of Illness in Canada (EBIC) data 19. It was found that both direct and indirect costs of chlamydia 

and GC ranges from $31.5 to $178.4 million, which is consistent with the results from the 

previous study 19. Finally, a review of gender differences in STI estimates the direct and indirect 

costs of chlamydia to be $115 million for females and $8 million for males 4. 

 

 2.4 Risk Factors  

Several risk factors have been reported as contributing to becoming infected with chlamydia, 

including behavioural, social, and biological factors. Reviews have examined multiple research 

articles and have summarized the common risk factors for chlamydia infection 20,21. These risk 

factors could be considered as either causally related to the disease outcome, such as number 

of partners or condom use, or an indicator of sexual or health care behaviour that can affect an 
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individuals’ risk of infection, such as SES and race. Below is a summary of the most common risk 

factors identified in these studies. 

 

2.4.1 Age  

Several articles have concluded that age is a very important risk factor for chlamydia infection. 

Individuals in their teens and twenties have an increased risk of chlamydia infection, 

consequent to the physical development of the cervix for females 22,23, as well as the risky 

sexual behaviours of both genders. For example, young adults are less likely to correctly use 

protection or to acknowledge the risks of their sexual behaviour 24. One review found that 

29/34 female specific studies and 5/7 male specific studies showed a significant relationship 

between age and risk of infection in multivariate analysis 20. The studies which showed no 

association had either restricted age groups or age cut-offs that were too high to detect a 

difference.  

 

2.4.2 Sex 

It is evident that females have a higher reported rate of chlamydia in Canada compared to 

males 25, but causes for this are unclear. It is suspected that women are at a greater risk due to 

the biology of the cervix 2,23, although uncircumcised males are also at an increased risk for 

many STIs 4. The increased rate for females may stem from the fact that males may be less 

likely than females to get screened for STIs, as screening programs have historically been 

targeted towards women, particularly in association with cervical cancer screening 4. Other 
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important factors include sexual behaviours of both genders, such as an early age of sexual 

debut and high rates of partner change, which may be higher in males 4.   

 Knowing that males and females have different risks of infection for chlamydia is 

important, as it means the sexes must be studied separately. Additionally, the sexes may differ 

in risk factor information, such as condom use, where women may be uncomfortable about 

insisting on condom use 4.  

 

2.4.3 Number and Type of Partners 

Having multiple partners increases the chances of being exposed to an individual with an STI. A 

review by Navarro et al. (2002) found that in 10/14 studies examining this factor, the number of 

partners in the past year was an important risk factor for chlamydia infection 20. That said, while 

women who reported five to nine partners were found to be five times more likely to have 

chlamydia than women who reported four or less, women who reported 10 or more partners 

had a reduced risk 20. One explanation for this is that individuals who reported 10 or more 

partners were more likely to use condoms 26. Another explanation is biased reporting, in this 

case, individuals might over or under-report their number of partners for social desirability. 

While men typically over-report their number of sexual partners, women more often under-

report 27. 

 

2.4.4 Condom Use 

The relationship between condom use and the risk of chlamydia is inconsistent 20. This is likely 

due to the inconsistent reporting of condom use in most studies. The relationship between 
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condom use and chlamydia infection therefore needs to be further studied using better 

reported data. Generally, individuals who report using condoms are expected to be less likely to 

test positive for chlamydia than individuals who do not report using condoms.  

 

2.4.5 Age at First Intercourse 

Age at first intercourse is related to a higher infection rate due to the postulated biological 

mechanisms that may make adolescents more vulnerable to infection, as well as other factors 

such as multiple partners/non-regular partners. In one review, 4/7 studies examining this factor 

found that women who had an earlier age at first intercourse had a higher risk for chlamydia 

infection in unadjusted analysis, but not in multivariate analysis 20. 

 

2.4.6 Neighbourhood SES 

2.4.6.1 Neighbourhood SES Measures 

Neighbourhood SES is a term used to assess the SES of an individual based on the 

neighbourhood in which they reside. It is a concept involving many aspects, such as income, 

employment, housing, and other social aspects of neighbourhoods 28,29. There are various ways 

to measure neighbourhood SES, and different studies have used different methods, such as 

using census data, delivering a questionnaire, or combining several measurement indices. Since 

there are multiple dimensions contributing to neighbourhood SES, researchers have attempted 

to develop a composite index to summarize the many aspects that encompass the concept of 

neighbourhood SES. This has proved to be difficult, as there is concern for an ecological fallacy 

if the geographic definition of “neighbourhood” is too vast. Additionally, a restrictive 
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geographic definition could fail to consider the broader environment that may affect the health 

of an individual. Townsend 30 and Carstairs 31 are two popular examples of composite measures 

for neighbourhood SES (specifically deprivation) which have been commonly utilized in 

research. Carstairs’ and Townsend’s deprivation indices both measure variables such as 

unemployment, households without a car, and households with more than one person per 

room. In recent years, these indices have received some criticism by researchers as they were 

developed 20 years ago and may not take into account modifications over time or across 

different countries 32. Additionally, they are both only made up of four variables to measure 

deprivation. Ideally, the best neighbourhood SES index to use is one that is developed in the 

same region as the population being studied. For example, a study conducted in Ontario would 

benefit from a neighbourhood SES measurement tool which is also developed in Ontario. The 

Ontario Marginalization Index 33 (discussed later in this chapter) is a measure of neighbourhood 

marginalization using census data in Ontario, and would be a valuable option for studying the 

effects of neighbourhood SES on health outcomes in an Ontario study population.  

2.4.6.2 Neighbourhood SES and Chlamydia Infection in the Literature 

 No studies were found that explored the effects of neighbourhood SES on chlamydia 

acquisition in STI clinics in Canada, although, there have been few studies that have examined 

this relationship in other contexts.   

 A study of neighbourhoods and the acquisition of chlamydia during the transition to 

young adulthood found that exposure to neighbourhood poverty during adolescence increased 

the likelihood of a positive chlamydia test during young adulthood 34. This study measured SES 

using census data that looked at racial and ethnic concentration, concentrated poverty, and 
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residential stability. Another study looked at the SES-related risk and STIs among African-

American adolescent females and found that SES-related risk significantly predicted STI 

acquisition over a 36-month follow-up period 35. This study measured SES using a questionnaire 

and controlled for variables, such as age, condom use, baseline STI status, substance use, and 

stress. Another study examined the interrelationship of demographic and geospatial risk factors 

among four common STIs (i.e., gonorrhea, chlamydia, herpes simplex virus, and human 

papillomavirus), and found that residence in inner city areas of high deprivation was an 

independent risk factor for all four STIs 36.  

 Finally, another study, which looked at chlamydia infection and the role of 

neighbourhood-level measures of SES among young women, determined that women living in 

regions of increased poverty were more likely to have multiple episodes of being infected with 

chlamydia compared to those who lived in low poverty areas 37.  

 

2.4.7 Other Risk Factors 

Reviews on this topic have also found that several other risk factors are associated with higher 

chlamydia infection, such as being single, current pregnancy, women with one or no children, 

suspected exposure to chlamydia, and having a symptomatic partner 20. 

  Other studies have identified additional factors associated with an increased risk of 

chlamydia infection. A study in Ontario found that among HIV-positive men who have sex with 

men, a chlamydia diagnosis was higher for those who used drugs recreationally as well as for 

those with greater than five HIV-positive partners 38. Another Canadian study conducted in 

Manitoba found that younger age and being indigenous were associated with chlamydia 
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infection in women 39. The same study also noted that each additional $1,000 in neighbourhood 

annual income was associated with a 4% decrease in risk of co-infection with both chlamydia 

and gonorrhea, suggesting that low SES is associated with increased risk of these STIs. Further, 

it determined that women who live in urban areas are less likely to be co-infected with both 

STIs compared to women who live in more rural areas. 

 In a multi-city Canadian study of street youth, risk factors for chlamydia infection were 

higher in females if they were Aboriginal, had been in foster care, jail, or a detention facility in 

the past, had a probation/parole officer, or were homeless. In addition, females who reported 

no use of condoms and who were involved in the sex trade were at a higher risk for chlamydia 

infection 40. A study in Montreal looked at the risk behaviours and prevalence of chlamydia and 

gonorrhea among street youth and found that the prevalence of chlamydia was 6.6% and was 

associated with a history of pregnancy. Among those with a history of pregnancy, the risk of 

chlamydia infection was three times higher 41. 

 

2.5 The Kingston, Frontenac and Lennox & Addington (KFL&A) Region 

The KFL&A region, which includes the Kingston, Frontenac, and Lennox & Addington counties, 

had a population of just over 200,000 individuals in 2013 42. The largest municipality, the City of 

Kingston, with a population of just over 117,000 individuals in 2016 43, and a population percent 

increase of 2.4% from 2011 to 2016, is the second largest city in Eastern Ontario, after the City 

of Ottawa 44. This area is desirable to study chlamydia risk factors as it has a very 

demographically diverse population. Annually, over 20,000 students attend Queen’s University 

45, over 7,000 students attend St. Lawrence College 46, and thousands of students attend the 
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Royal Military College of Canada. In addition, there are six correctional institutions in the region 

and a Canadian Forces Base 47. These predominantly young adult populations are particularly 

susceptible to STIs because of the potential opportunities for sexual contact. 

The average total income in 2010 for the population aged 15 and over in KFL&A was 

$39,398 48. The SES range in the City of Kingston is diverse with 44.2% of individuals earning 

under $20,000 annually, while 11.8% earned over $60,000 in 2000. This percentage of low-

income earners is higher than every other comparator city outside the region, and similarly, the 

percentage of high-income earners (11.8%) is higher than comparable cities outside the region 

44. The unemployment rate in Kingston is higher than most other comparator cities, although 

the rate slightly declined between 2001 to 2006 44. In other words, the marginalization index, 

which is defined later in this chapter, ranges from low to high in this city, providing for a diverse 

setting for research questions to be addressed.  

 The KFL&A Public Health sexual health clinic in Kingston is a service that provides 

confidential and non-judgemental counselling, testing, and treatment for STIs, including 

chlamydia 49. Although there are other clinics in the region that provide similar services, this 

clinic diagnoses about 20% of the chlamydia cases in KFL&A. It is of interest to differentiate the 

individuals who attend this clinic compared to other centres, as the population who attends an 

STI clinic may be different in demographics and risk factors compared to other populations. 

The iPHIS is a web-based reportable disease database that is used by Ontario’s 36 public 

health units to record and track communicable disease incidence and prevalence in the 

province. The system is mandated under the Health Protection and Promotion Act (HPPA), 

requiring each public health unit to collect information on reportable diseases occurring within 
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their area 50. The information collected is used for the surveillance of diseases and for research 

purposes. It is known that the reported chlamydia cases in iPHIS are an underestimate, since 

not all individuals seek treatment, and therefore the disease in many individuals is unreported. 

Both the iPHIS (KFL&A-specific data only) and the KFL&A Public Health sexual health clinic 

databases will be used in this study to estimate the applicable rates of chlamydia. 

  

2.6 Dissemination Areas  

Census data in Canada is composed of dissemination areas (DAs), which are small geographic 

units composed of one of more adjacent dissemination blocks 51. It is the smallest geographic 

area for which all census data are disseminated. For example, the City of Kingston is defined by 

43 distinct neighbourhoods, with about 5 to 7 geographic “blocks” in each neighbourhood, and 

400 to 700 persons in each block 52. These blocks are called DAs, which are uniform to one 

another in terms of population size. Therefore, DAs with a lower population density will be 

geographically larger in size compared to DAs with a higher population density. An example 

neighbourhood profile map of the city of Kingston from the 2011 census (Appendix B; Figure 

B.1) and a reference map showing an example of a DA (Appendix C; Figure C.1) is appended to 

this thesis.  

 

2.7 Marginalization and the ON-Marg Index 

Marginalization is “the process by which individuals and groups are prevented from fully 

participating in society” 53. A population that is marginalized may experience barriers in terms 

of health services, employment, housing, education, and other social determinants of health 54. 
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In Ontario, the ON-Marg Index 54 is used by researchers to learn more about marginalization 

between different neighbourhoods in the province. It is a geographically and census-based 

index plotting differences in marginalization among geographic areas. The ON-Marg Index is 

specifically used in research to describe the relationship between marginalization and health 

outcomes, as greater marginalization tends to be associated with higher rates of many diseases 

33. The ON-Marg Index contains four dimensions to measure an area’s marginalization: 

residential instability (i.e. owning a home, housing status, etc), dependency (i.e. participation in 

the labour force, etc), ethnic concentration (i.e. immigrants, visible minorities, etc), and 

material deprivation (i.e. unemployment, education, income, etc) 55. A description of each 

dimension of marginalization and their respective indicators is presented in Figure D.1 in 

Appendix D. 

The four ON-Marg indices can be combined into a composite index score and 

categorized into 5 quintiles, from 1 (least marginalized) to 5 (most marginalized). The goal of 

the index is to combine related variables into a single measure which can be used largely for 

research purposes. Although, the combination of the indices is cautioned if the association 

between each index and the outcome is not consistent for all indices. Additionally, if there is no 

reason to believe that all four indices are comparably related to the outcome of study, it is not 

recommended to combine them. Many researchers therefore opt to analyze the ON-Marg 

Index as four separate indices, or will only use certain indices which are believed to be 

associated with the outcome. 

The ON-Marg Index can be used to examine differences in marginalization among the 

DAs in the KFL&A region. The index can be used to approximate neighbourhood  SES by 
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assigning a score (1-5) to each individual based on the DA in which they reside 33. This method is 

especially helpful when individual data on SES is not available. It is important to note that this 

method should not be used to make inferences about individual-level marginalization. Rather, 

results should be interpreted accordingly, such as “the effect of living in a marginalized area” 

rather than “the individual’s SES”. Since the DA is the smallest spatial area available, it is more 

likely that an individual’s neighbourhood SES will be reasonably reflected by the score of the 

area in which he or she lives.  

There are currently no studies published in the literature which examine the association 

between the ON-Marg Index and any STI. Additionally, no studies have validated the ON-Marg 

Index against other measures of neighbourhood SES. That said, there have been few studies 

which have used the ON-Marg Index to measure associations with other health outcomes. One 

study used a combined score of the ON-Marg Index to assess its association with renal injury in 

adolescents with Type 1 diabetes, and found that there was an association 56. Another study 

looked at the ON-Marg indices separately and the associations with cardiovascular disease risk 

factors. Significant results in this study were only examined for the material deprivation index 

57. Finally, another study examined specifically two indices of the ON-Marg (material 

deprivation and residential stability) and found that both were associated with increased 

undetermined intent deaths and suicide 58.  

With the results of the few studies which have examined associations between the ON-

Marg Index and various health outcomes, there is some evidence to suggest that the ON-Marg 

Index is a good measure of neighbourhood SES. Therefore, it would be worthwhile to use this 

tool in STI research for measuring an area-level risk factor for chlamydia infection.  
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2.8 Geographic Information Systems 

Geographic information system (GIS) analysis and spatial epidemiology has become an 

important tool for public health analysis and planning. It is a system that displays and examines 

spatial data by creating computerized maps, tables, and graphs to assist with observing trends 

59. It allows researchers to visualize, analyze, and interpret data to understand spatial 

relationships between variables of interest. GIS is being used to better understand the 

geography and epidemiology of STIs, and to examine localized spatial clusters 60. These clusters, 

or high-risk areas, are usually the result of similar SES profiles, and therefore targeting 

interventions in these areas will hopefully reduce future infections in populations that are high-

risk. Although there are different units of geography which can be used with a GIS system, 

KFL&A Public Health generally analyzes based on the DA 59.  

 The most popular use for the GIS software in STI epidemiology is to map the incidence 

of infections 54,33,55. Recently, this method was used in studies to look at area-based 

socioeconomic measures and individual risk factors associated with STIs. The SES of an 

individual has been found to be an important predictor for contracting STIs 22,24,26. Using geo-

mapping in two genitourinary medicine clinics in the UK, it was found that being under the age 

of 20 years, being male, being of black ethnicity, and living in neighbourhoods designated as 

lower SES was correlated with higher rates of both gonorrhea and chlamydia 61. Results of an 

American study also used geocoding to examine area-based socioeconomic measures 

associated with women infected with chlamydia. The study found that having less than a high 

school education, living below the poverty level, living in the same residence for over five years, 
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and receiving food stamps were independently associated with an increased risk of chlamydia 

infection among females 62. In a Canadian study, GIS was used to map the rates of gonorrhea 

and chlamydia. It was found that those infected with chlamydia were generally younger and 

female compared to those with gonorrhea, and infection of both STIs was positively correlated 

with having a low SES, as defined by the Canadian 2001 Census 63. In addition, a UK study 

examined the interrelationship between demographic and geospatial risk factors for four 

common STIs (gonorrhea, chlamydia, HPV warts, and herpes) and found that chlamydia 

screening in women under 25 years could detect 70% of chlamydia cases in the community. 

 In conclusion, GIS technology can visually illustrate populations according to various 

factors, including disease burden and living conditions. Lower SES levels are associated with 

higher STI rates, but what is less clear is whether and how other risk factors might affect this 

relationship. To date, using GIS in this fashion has not yet been used to describe the geospatial 

distribution and risk factors of chlamydia based on data from any Ontario sexual health clinic, 

and information from such a study could inform public health units in Ontario regarding the 

interrelationship between demographic, sexual and geospatial risk factors for chlamydia 

infection. It is also novel to compare test positive and negative rates spatially. 

 

2.9 Study Rationale 

Chlamydia occurs in many different populations, and age and sexual behaviour are two of the 

most important risk factors. However, less studied factors such as neighbourhood SES may also 

be important markers for predicting the risk of infection. Navarro et al. (2002) concluded their 

review by stating that “as more control programs are implemented, people with limited access 



 26 

to preventive and treatment programs will become more dominant in the epidemic, and 

chlamydia may become concentrated in lower-income minority groups with high rates of 

partner change” 20. This statement speaks to the idea that SES needs to be considered when 

studying the relationship among risk factors for chlamydia infection.  

This study aimed to measure the various individual and area-level risk factors for 

chlamydia infection in clients who attended the KFL&A Public Health sexual health clinic. This 

research is novel as it integrates the ON-Marg Index with traditional risk factors to determine a 

risk profile for chlamydia infection in an STI clinic. The result of this study will provide evidence 

for the KFL&A Public Health unit to better target prevention interventions in specific geographic 

regions, as prevention strategies are facilitated by understanding the transmission dynamics of 

the STI. It will also be beneficial to compare the available demographics of individuals who 

attend a sexual health clinic with those who are tested elsewhere.  
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3.1 Abstract 

Background: Chlamydia is the most common sexually transmitted infection (STI) in Canada. 

Although the literature has focused on individual-level risk factors, such as number of sexual 

partners and condom use, as the greatest determinants for chlamydia infection, more recent 

research has investigated the role of neighbourhood socioeconomic status (SES) on risk for 

chlamydia infection. The present study aims to investigate the relationship between multiple 

area- and individual-level risk factors and chlamydia infection in a sexual health clinic in 

Kingston, Ontario.  

Methods: Individuals who were tested for chlamydia at the Kingston, Frontenac and Lennox & 

Addington (KFL&A) Public Health sexual health clinic (Clinic) from April 1, 2016 to March 31, 

2017, were included in this study. The four indices of the Ontario Marginalization (ON-Marg) 

Index; namely, material deprivation, dependency, residential instability and ethnic 

concentration, were used as measures of neighbourhood SES for the area-level risk factors. 

Individual-level risk factors included variables that were captured from the questionnaire 

administered at the time of the examination. Logistic regression was used to compute odds 

ratios (OR) for all risk factor variables. Outcome data was plotted on a geographic information 

system (GIS) to compare marginalization differences based on chlamydia test result.  

Results: A total of 1775 individuals were tested for chlamydia at the Clinic, with 208 (11.7%) 

testing positive on their first Clinic visit. Age (OR=4.84, 95% CI 2.18-10.74; <20 versus >40 

years), number of sexual partners in the previous 2 months (OR=3.11, 95% CI 1.06-9.10; 2 

partner versus no partners), condom use (OR=2.09, 95% CI 1.07-4.09; rarely versus always using 

condoms), and STI contact (OR=6.16, 95% CI 4.35-8.74) were significant individual-level 
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predictors for infection. Except for the ethnic concentration index, there was a trend suggesting 

an association between the highest levels of marginalization and increased odds of chlamydia 

infection compared to the lowest levels of marginalization. However, this association was only 

statistically significant for the dependency index (OR=1.90, 95% CI: 1.05-3.43; most deprived 

versus least deprived). Furthermore, there was no clear dose-response observed with 

increasing marginalization in any of the ON-Marg indices.   

Conclusions: Populations living in highly marginalized neighbourhoods, an established marker 

of low SES, were only found to be at a significantly higher odds for chlamydia infection for one 

of the ON-Marg indices; namely, dependency. Additional research is therefore warranted to 

further clarify the role of neighbourhood effects on the risk of chlamydia infection, and could 

provide public health units with information that may inform targeted neighbourhood-level 

prevention interventions for vulnerable populations in specific geographic regions. 
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3.2 Introduction 

Chlamydia, caused by the bacterium Chlamydia trachomatis (CT), is the most common sexually 

transmitted infection (STI) in Canada 1, with an estimated 325 cases per 100,000 population in 

2015 2. If left untreated, chlamydia infection can lead to complications such as genital 

inflammation, infertility, and ectopic pregnancies in women, as well as infertility and 

inflammation of the testicles and prostate in men 3,4. Being infected with chlamydia can also 

increase the risk of being infected, if exposed, by the human immunodeficiency virus (HIV) 5. 

Known risk factors for chlamydia infection include being sexually active before the age of 25, 

having new and/or multiple sexual partners, having a high-risk partner (includes individuals 

who have a sex partner(s) infected with chlamydia), not using condoms, and being previously 

diagnosed with an STI 4,6,7. 

 The socioeconomic status (SES) of an individual is comprised of multiple factors which 

may affect a variety of health outcomes. The association of SES with many health outcomes has 

been widely demonstrated in multiple epidemiological studies and has become routine in 

analyses. There is evidence that physical, psychological, social, and spatial neighbourhood 

characteristics, or an individuals’ neighbourhood socioeconomic characteristics, can have a 

powerful influence on the health of an individual 8–11. More recently, low neighbourhood SES 

has been found to be associated with an increased risk for chlamydia infection 12–15. It is 

hypothesized that there are mechanisms in which the social environment of an individual may 

affect the risk of contracting chlamydia, or other STIs. Figure 3.1 (adapted from Carpiano’s 

proposed conceptual model of neighbourhood social capital processes on individual health 

outcomes 16 and from Jennings’ depiction of Carpiano’s model 17) depicts this conceptual 
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framework linking neighbourhood SES and chlamydia infection. In general, these 

neighbourhood factors may be associated with chlamydia infection, as they may alter the 

sexual network and availability of infected sexual partners. Although individual-level 

demographics and sexual behaviours may directly affect an individual’s risk for chlamydia 

infection, neighbourhood and interpersonal factors may also impact these factors. For this 

reason, it is important to study both area- and individual-level risk factors when measuring the 

risk for chlamydia infection in a population. 

 Previous studies have used a variety of measures to assess SES, including questionnaires 

or census data. The Ontario Marginalization (ON-Marg) Index measures multiple indicators of 

neighbourhood-level marginalization in Ontario, including economic, ethno-racial, age-based, 

and social marginalization, and combines data from the short and long-form census 18,19. The 

index has been validated for health research use in Ontario 20, and is specifically used in 

research to describe the relationship between neighbourhood-level marginalization and health 

outcomes, as greater marginalization tends to be associated with higher rates of many diseases 

21. The ON-Marg Index combines a wide range of demographic indicators into four dimensions 

of marginalization: residential instability (i.e. owning a home, housing status, etc.), dependency 

(i.e. participation in the labour force, etc.), ethnic concentration (i.e. immigrants, visible 

minorities, etc.), and material deprivation (i.e. unemployment, education, income, etc.) 18. 

Details of the indicators, dimensions, and use of the ON-Marg Index are available from the ON-

Marg Index User Guide 21. 

As of the writing of the manuscript, there are no studies published in the peer reviewed 

scientific literature which examine the association between the ON-Marg Index and any STI, 
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including chlamydia. While some studies have found significant associations between indices of 

the ON-Marg Index and various negative health outcomes, such as renal injury, cardiovascular 

disease, and violent deaths 22–25, other studies have found non-significant associations with 

some indices of the ON-Marg index and various health outcomes, such as out-of-hospital 

cardiac arrest outcomes 26. The studies which have found positive associations provide 

evidence to suggest that the ON-Marg Index can be a reasonable measure of neighbourhood 

SES for some health outcomes. Previous studies have evaluated neighbourhood SES and 

chlamydia infection and have found significant associations 12–14, but none have utilized the 

relatively new research tool, the ON-Marg Index, as a measure of neighbourhood SES in 

Ontario. Therefore, this tool was chosen for measuring an area-level risk factor for chlamydia 

infection.  

 

3.3 Methods 

3.3.1 Study Population  

The Kingston, Frontenac, and Lennox and Addington (KFL&A) region is located in Ontario, 

Canada, with a population of about 200,000 27. A large portion of this region is served by the 

KFL&A Public Health sexual health clinic (referred to as the “Clinic” hereon), located in the City 

of Kingston. This study used participant data from the Clinic’s electronic medical record (EMR) 

database. The Clinic provides confidential counselling, testing opportunities, and treatment for 

STIs, including chlamydia 28. There was no population sampling method employed in this study, 

as the participants included were all individuals who visited the Clinic and who subsequently 

underwent one or more tests for chlamydia during the study period. A total of 2396 tests for 
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chlamydia were conducted during the 12-month period between April 1, 2016 and March 31, 

2017. All chlamydia positive and negative test results for patients at the Clinic during this period 

were available for use. For the purpose of this study, individuals who tested positive for CT using 

any of the laboratory tests (culture cervical, culture rectal, culture throat, culture urethral, nucleic 

acid amplification test (NAAT) cervical, and NAAT urine) are defined as testing positive for 

chlamydia infection, and similarly for testing negative for chlamydia infection (see Table E.1 in 

Appendix E for CT tests conducted at the Clinic). 

The small number of tests (n=7) that were classified as neither positive nor negative for 

chlamydia infection, but rather as “other” in the database were excluded from analysis. 

Additionally, participants who identified as transgender (3) were also excluded from the data set, 

as three participants would not be a sufficient sample size to investigate the role of transgender 

on chlamydia infection. To assign participants to a dissemination area (DA) (the smallest 

geographic area for which all census data are disseminated) for the ON-Marg Index, a postal code 

from each participant was required. Participants with no reported postal code (n=219) were 

excluded from the geographic analysis, but remained in all descriptive tables and multivariate 

analyses; included in a “missing” category. Figure 3.2 displays the data creation flow diagram for 

the Clinic population in this study.  

In addition to the Clinic data, the integrated Public Health Information System (iPHIS) data 

was also used to compare the Clinic rates with the KFL&A region rates. The iPHIS is a web-based 

reportable disease database that is used by Ontario’s 34 public health units to record and track 

communicable disease incidence and prevalence in the province. The system is mandated under 

the Health Protection and Promotion Act (HPPA), requiring each public health unit to collect 
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information on reportable diseases occurring within their area 29. Only the KFL&A region data in 

the Ontario iPHIS database (referred to as simply “iPHIS” hereon) was anonymously extracted for 

use. All cases with a positive chlamydia test (iPHIS does not record negative results) reported in 

the iPHIS database during the same 12-month period were extracted for analysis.  

 

3.3.2 Data Collection 

Data from the Clinic is available from the KFL&A Public Health EMR database. Individuals who 

were tested for chlamydia, like all other Clinic clients, were interviewed by a clinic nurse and 

questioned regarding various risk factors prior to being tested (see Figure F.1 in Appendix F for 

the Clinic questionnaire). The data collected includes information on general demographics, 

presenting concern, sexual orientation, condom use, sexual partners in the last 2 months, various 

STI symptoms, various STI risks and tobacco/alcohol use. All samples collected from individuals 

at the Clinic were sent to the Public Health Ontario (PHO) Laboratory for testing. All tests, 

whether positive or negative, are reported to the Clinic by the PHO Laboratory.   

 The iPHIS database is a reportable disease database and includes every individual who 

tested positive for chlamydia in a specific region (in this case, the KFL&A region). The data was 

collected from all clinics in the KFL&A region, with all positive results being reported to KFL&A 

Public Health for case management, contact tracing, and partner notification. The Clinic EMR and 

iPHIS datasets were anonymized, removing all personal identifiers and translating postal codes 

to the applicable DAs. All analyses were conducted by a researcher on a secure server at Queen’s 

University. 
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 Ethics approval for this study was obtained from the Health Sciences Research Ethics 

Board (HSREB) at Queen’s University. 

 

3.3.3 Study Design  

The primary analytic objective of this study employed a cross-sectional design, since both 

the risk factor data collected and testing for chlamydia infection was initiated on the same day. 

This objective considers only those who were tested for chlamydia infection at the Clinic during 

the study period. For patients who attended the Clinic multiple times during the study period and 

had multiple chlamydia tests, only the test result of the first visit in the study period was used. In 

the case that an individual’s first test result was recorded as “other” and they received a follow-

up test at a later date, that later test was used instead. Individuals who tested positive will be 

compared to those who tested negative on multiple area- and individual-level risk factors.  

 A spatial epidemiology design using GIS methodology was implemented to map and 

compare the geographic distribution of test-positive and test-negative cases from the Clinic 

only.  

 

3.3.4 Risk Factor Assessment 

The potential individual-level risk factors considered in this study were age, sex, student status, 

reported number of sexual partners in the prior 2 months, condom use, STI contact, STI 

symptoms and history of a previous STI. These variables were selected based on a literature 

review that identified risk factors that were significantly associated with chlamydia infection in 
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other studies, were available from the Clinic questionnaire, and were either associated with 

chlamydia infection in bivariate analysis (p<0.20) or were included a priori.  

 The variable “STI contact” was created as a combination of those who a) stated they 

were coming in for contact tracing as a presenting concern or b) stated they had an STI contact 

under the risk factors section of the questionnaire. Additionally, the variable “STI symptoms” 

was created as a combination of those who a) stated they were coming in for STI symptoms as 

a presenting concern or b) listed any one of the symptoms under the STI symptoms section of 

the questionnaire.  

 The area-level risk factor exposures in this study are the four indices (material 

deprivation, dependency, residential instability, and ethnic concentration) of the ON-Marg 

Index, which will be used as a marker of neighbourhood marginalization, or SES. In this study, 

the “neighbourhood” of an individual is defined by the DA in which they reside. The 2006 

version of the ON-Marg Index, adapted from the long-form census in 2006, was used for this 

study. The ON-Marg Index is divided into quintiles (Q), ranked from Q1 (least marginalized) to 

Q5 (most marginalized). It was therefore studied as an ordinal exposure with five ordered 

levels. The postal code for each participant, if available, was translated to a DA by KFL&A staff, 

and the corresponding ON-Marg Index scores for individuals in each DA were computed. 

 

3.3.5 Outcome Assessment 

The outcome of interest for this study was a positive chlamydia test during the study period. 

For the Clinic sample, chlamydia status was based on a laboratory confirmation test result that 

was recorded in the EMR database. The test was either positive or negative for chlamydia 
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infection, and therefore the outcome was explored as a binary variable. Various methods of 

testing for chlamydia infection were used, such as culture of a cervical, rectal, throat, or 

urethral swab, NAAT of a cervical or urine sample. Around 70% of the tests in this Clinic sample 

used the NAAT urine method, 20% used the NAAT cervical method, and 10% used one of the 

other listed methods.  

 The iPHIS database was used to compare Clinic rates to the entire KFL&A region. The 

iPHIS database only records positive chlamydia test results, therefore the outcome of interest 

for the iPHIS database was a positive chlamydia test.  

 

3.3.6 GIS Methodology 

For the GIS component of this study, the platform ArcGIS was used 30 . The EMR data from the 

Clinic was provided by KFL&A Public Health with each individual linked to a DA, based on their 

reported postal code. Individuals with no postal code recorded in the EMR (n=219) could not be 

mapped. The score (from 1 to 5) of each of the four ON-Marg indices were matched to the 

corresponding DA to create a colour gradient of a score of 1 to 5 on the GIS. Rates of positive 

and negative chlamydia tests per 100,000 population were calculated at the DA level and 

plotted on the map of the KFL&A region. 

 

3.3.7 Statistical Analysis  

Descriptive statistics were used to assess the counts and percentages of all variables. The 

central tendency (means; medians) and dispersion (standard deviations) were described for 

continuous variables, and frequency tables (counts; percentages) were described for 
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categorical variables. Unadjusted bivariate logistic regression analyses were performed to 

assess the relationship between the area- and independent-level risk factors and chlamydia 

infection. Multivariable logistic regression models were built for all final adjusted models. A 

backwards deletion approach was used to assess and control for confounding and to determine 

which variables to include in the final model. Age and sex were included a priori in all models, 

as these two variables are considered to be two of the most important predictors for chlamydia 

infection. Other variables were removed one at a time beginning with the least significant 

variable, using a liberal cut-off (p<0.15). Odds ratios (OR) and 95% confidence intervals (CI) 

were used to estimate the risk between the exposure variables and chlamydia infection. All 

statistical analyses for this study were conducted using SAS version 9.4. 

 

3.4 Results 

3.4.1 Geospatial Distribution 

Figures 3.3 and 3.4 present the chlamydia positive and negative rates per 100,000 from the 

Clinic during the study period for all four indices of the ON-Marg Index. The figures presented 

only capture the City of Kingston and surrounding areas, and not the entire KFL&A region, 

because of the difficulty to observe patterns given the large geographic size of DAs outside of 

the City of Kingston. Most individuals (64%) who tested at the KFL&A Public Health sexual 

health clinic live in the City of Kingston, where the Clinic is located, and thus, a large proportion 

of individuals are captured in Figures 3.3 and 3.4. Overall, the mapped test positive and 

negative individuals appear to be clustered in similar regions, specifically clustered closer to the 

downtown Kingston region and spread out in the surrounding areas (although, a formal cluster 
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analysis was not performed). These regions appear to be generally more marginalized on all 

four indices, as indicated by a darker green shade, but no conclusions can be made about an 

association between the ON-Marg indices and chlamydia infection solely using these 

descriptive plots. 

 

3.4.2 Demographic and Risk Factor Characteristics 

A total of 1775 individuals attended the Clinic for testing between April 1, 2016 and March 31, 

2017, and 208 of the 1775 (11.7%) tested positive for chlamydia infection on their first visit. A 

total of 905 individuals tested positive at least once in the KFL&A region as recorded by iPHIS, 

meaning that the Clinic diagnosed 23% of the total chlamydia cases in the KFL&A region during 

the study period. Of the test-positive individuals at the Clinic, 43% were male, and similarly, 

41% of the individuals in the iPHIS database were male. The age of the total Clinic population 

was a mean of 26.8 ± 9.5 years and a median of 23.6 years [test positive (mean 24.1 ± 6.6 years; 

median 22.0 years); test negative (mean 27.1 ± 9.7; median 23.8 years]. This was comparable to 

the age of those who tested positive for chlamydia infection in the KFL&A region, as recorded in 

the iPHIS database (mean 24.3 ± 6.9 years; median 22.1 years). The gender distribution of the 

Clinic population was relatively equal (male total (48.9%); male test positive (42.8%)), and 

similarly 41.1% of the individuals who tested positive in iPHIS were male. Table 3.1 presents 

additional demographic and risk factor characteristics of the Clinic population in total and by 

chlamydia test status (see Table G.1 in Appendix G for more detailed risk factor characteristics 

for the Clinic; see Table G.2 in Appendix G for more detailed demographic characteristics for 

iPHIS and the Clinic). 
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3.4.3 Individual-Level Risk Factors 

Table 3.2 presents the multivariate analysis of each individual-level risk factor for chlamydia 

infection among those who presented at the Clinic. Age, sex, student status, number of sexual 

partners in the last 2 months, condom use, STI symptoms and STI contact were included in the 

final parsimonious multivariate model after backwards elimination. Each variable was adjusted 

for one another. Tobacco use, excessive alcohol use, STI history and sexuality were not 

significant at the p<0.20 level in bivariate analysis and therefore were not included in the final 

model.  

 Overall, being a reported sexual contact of an individual with an STI was the strongest 

and most significant predictor for chlamydia infection (AOR= 6.16; 95% CI 4.35-8.74). Younger 

age was associated with testing positive for the youngest (<20 years) compared to the oldest 

(>40 years) age group. A less pronounced, but still significant, association was found for the 20-

25-year age group. As age increases in this population, the odds of testing positive for 

chlamydia infection decreases, showing a clear dose-response relationship (p-test for trend= 

<0.0001). Being female was associated with testing positive for chlamydia infection, but the 

relationship was not significant at a p<0.05 level. Being a student was not significantly 

associated with testing positive for chlamydia infection in both the crude and adjusted 

analyses.  

 An increase in sexual partners in the last 2 months was associated with chlamydia 

infection for those who had 1, 2, or ≥3 partners in the last 2 months compared to reference (no 
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partners), but was only significant for the 1 and 2 partner groups compared to reference (no 

partners). There was no dose-response relationship observed. 

 There was a significant association between rarely and sometimes using condoms and 

chlamydia infection compared to the reference (always using condoms). Although an effect was 

examined for the usually and never condom use groups, the relationships were not significant 

at the p<0.05 level. Those without an answer to the condom use question, classified as 

“missing”, had the highest odds for chlamydia infection. There was no dose-response 

relationship observed for condom use.  

 Finally, having STI symptoms was associated with an increased risk for chlamydia 

infection in adjusted analysis, but the relationship was not statistically significant. 

 

3.4.4 Area-Level Risk Factors 

Table 3.3 summarizes the four ON-Marg indices (material deprivation, dependency, residential 

instability, ethnic concentration), and ORs are presented for each quintile, with Q1 (least 

marginalized) used as the reference. Each index of the ON-Marg Index was run as a separate 

model with all individual-level risk factors in Table 3.2 (age, sex, student status, partners in the 

last 2 months, condom use, STI contact and STI symptoms) adjusted for as confounders. 

 In the multivariable analyses, there was an increased odds of chlamydia infection 

associated with high dependency (AOR= 1.90; 95% CI 1.05-3.43; Q5) compared to the lowest 

dependency category (Q1), but there was no clear dose-response relationship observed. 

Although there was the suggestion of an association between the highest material deprivation 

category (AOR= 1.21; 95% CI 0.73-2.01; Q5) and the highest residential instability category 
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(AOR= 1.27; 95% CI 0.67-2.39; Q5) and chlamydia infection compared to the lowest material 

and residential marginalization categories (Q1), these relationships were not statistically 

significant, and there were no clear dose-responses with either index. There was the suggestion 

of an increasing protective effect associated with the ethnic concentration index. The strongest 

protective association was between the highest ethnicity marginalization category (AOR= 0.77; 

95% CI 0.38-1.56; Q5) compared to the lowest ethnicity marginalization category (Q1), although 

this relationship was not statistically significant.  

 

3.5 Discussion 

This study examined the effects of area- and individual-level risk factors and chlamydia 

infection among an STI Clinic sample in Kingston, Ontario. The purpose of this study was to 

identify which individual-level risk factors were the strongest predictors for chlamydia infection, 

and whether markers of low neighbourhood SES, as measured by the ON-Marg Index, were 

associated with an increased risk for chlamydia infection. This study is important, as there is a 

lack of literature examining the relationship between area- and individual-level risk factors on 

STI acquisition, and there have been no studies that have used the ON-Marg Index as a 

neighbourhood SES risk factor for chlamydia infection.  

 While the prevalence of persons who tested positive for chlamydia was much higher in 

this Clinic population compared to Canada (12% in this population versus 0.3% in Canada1), it is 

important to note that this population consisted of individuals who attended an STI clinic. The 

prevalence of persons who tested positive for chlamydia infection examined in this study is 
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quite similar to the range reported in other studies (12-14%) that have looked at chlamydia 

infection at an STI clinic 31,32. 

 STI contact was the strongest and most significant predictor for chlamydia infection in 

this study. This is expected, as individuals who visit the clinic due to being told that they had 

sexual contact with an infected individual will have a higher chance of having contracted the 

infection. 

 Young age was a strong and statistically significant predictor of chlamydia infection in 

this Clinic sample. This is consistent with the findings of other studies. A review that identified 

risk factors for chlamydia infection found that 29 of 34 studies of females and 5 of 7 studies of 

males showed a significant relationship between young age (mostly adolescents and young 

adults) and chlamydia infection 33. 

 As hypothesized, the number of recent sexual partners and reported condom use were 

also statistically significant predictors for chlamydia infection in this STI Clinic population. 

However, there was not a clear dose-response observed for either of these risk factors. There 

was no threshold associated with the number of reported sexual partners and the magnitude of 

risk for chlamydia infection associated with 1, 2 or ≥3 sexual partners in the last two months 

was similar. One possibility for this counter-intuitive finding is related to protective factors that 

may coincide with increase engagement in sexual activity. Within this Clinic population, a 

greater proportion of individuals who reported ≥3 sexual partners (19.9%) in the last two 

months always used a condom in comparison to the proportion of individuals reporting 1 

(16.6%) or 2 (14.8%) partners in the last two months. Perhaps those who have more sexual 

partners understand the risks associated with multiple sexual partners and are more likely to 
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always use condoms compared to those with fewer partners. However, tempering this 

hypothesis is the observation that the highest proportion of individuals that always used 

condoms were among those individuals with no reported sexual partners in the last two 

months (29.6%).     

 Similarly, in contrast to the findings of other studies, those who never used condoms 

had a weaker, non-significant association with chlamydia infection compared to those who 

usually or sometimes used condoms. Measuring condom use is complex and highly susceptible 

to misclassification. Some individuals may use condoms for STI protection, whereas others may 

use it for contraception. Additionally, it is difficult for individuals to distinguish between 

usually/sometimes/rarely using condoms in the questionnaire and therefore these categories 

may be prone to misclassification. A systematic review that looked at condom use and risk of 

gonorrhea and chlamydia assessed design and measurement factors in epidemiologic studies 34. 

This review discussed methodological limitations that likely underestimate condom 

effectiveness in studies, such as the inability to assess consistent condom use, correctness of 

use and condom use problems, choice of study design, and selection of a population with an 

STI. These limitations contribute to weaker ORs in studies that assess the relationship between 

condom use and STIs. Interestingly, in this Clinic sample, a greater proportion of individuals 

who reported never using condoms had only 1 partner in the last 2 months (21.1%) compared 

to individuals with 2 partners (11.5%) or >3 partners (7.4%). It is possible that a proportion of 

those who declared having only a single partner in the last 2 months are monogamous, long-

term relationships and thus, at lower risk of STIs. Therefore, the “never” category of condom 

users may be a mixture of new sexual partners who are at higher risk for transmission of an STI 
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and established, monogamous partners who are at lower risk of an STI, resulting in an 

attenuation of the effect estimate for chlamydia infection in this study. 

 In this sample, sex, student status, and STI symptoms were not statistically significantly 

associated with increased risk for chlamydia infection.  

 In the general Canadian population, the prevalence of chlamydia infection is much 

higher in females than males 1. Although female sex was not a statistically significant predictor 

in this population, it is important to note that this is an STI clinic population sample. In a similar 

study which looked at risk factors for chlamydia infection in an STI clinic, male gender was a 

significant predictor for infection 2. A large number of individuals who attend this Clinic come 

because they are symptomatic or have been contacted by an infected partner, which makes 

this population different than the general population. Although female sex was not a 

statistically significant predictor for chlamydia infection in this sample, the unadjusted and AOR 

pointed in the direction for females to have an increased risk for chlamydia infection, which is 

consistent with the findings of other studies. It may be that after adjusting for other risk factors, 

the effects of sex on chlamydia infection are less pronounced in this STI Clinic population.  

 Student status has not been frequently studied as a risk factor for STIs, possibly due to a 

lack of information on that variable, although it was hypothesized that students would be 

expected to have an increased risk for chlamydia infection because they have greater exposure 

to other young adults and thus have greater opportunity for sexual encounters. Although being 

a student was not statistically significantly associated with chlamydia infection in this study, it is 

important to note that about 7% of the study population was missing information on student 

status. As seen in Table 3.2, there was a statistically significant relationship between the 



 55 

“missing” student status group and risk of chlamydia infection in the unadjusted analysis (OR= 

2.69; 95% CI 1.70-4.27). While this relationship was not statistically significant in the adjusted 

analysis, it did point in that direction. It is possible that the individuals who had a missing 

student status mostly consisted of younger individuals, possibly students or drop-outs, which 

may be why they were found to have an increased risk compared to those who are not 

students.  

 Many studies in the literature do not look at STI symptoms as a predictor for chlamydia 

infection. Although it is assumed that having STI symptoms would be associated with an 

increased risk for chlamydia infection, there was no statistically significant association between 

presence of STI symptoms and chlamydia infection, after adjusting for other risk factors. The 

lack of a statistically significant relationship could be due to several reasons. First, many women 

do not experience STI symptoms, and therefore many women who tested positive may have 

answered “no” to all the symptom-related questions in the questionnaire. Second, individuals 

who experienced STI symptoms may have tested positive for other STIs, and not necessarily 

chlamydia infection. Lastly, women may experience symptoms similar to those that occur when 

one has an STI, when in actuality these women may be experiencing a non-STI condition, such 

as a yeast infection. Therefore, the STI symptom variable is prone to high misclassification, 

attenuating the effect estimate. 

 This study found that of the four ON-Marg indices, only dependency appeared to be a 

significant predictor for chlamydia infection. The dependency ON-Marg index is based on area-

level data that estimates the proportion of individuals aged 0 to 14, 65 and older, or those who 

are ≥15 and not participating in labour force. In this study, DAs with a greater proportion of 
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dependency were at a significantly higher risk for chlamydia infection. At least one other study 

has observed that individuals who are unemployed tend to have a higher risk for chlamydia 

infection, although the mechanisms for this relationship are unclear 35. To our knowledge, no 

previous studies have examined the relationship between the ON-Marg Index and any STI, 

making it difficult to compare the results of this study to others. That said, there are multiple 

studies that have examined the effects of low neighbourhood SES on chlamydia and other STIs 

and have found some associations 12–14. For example, one study measured the relationships 

between the neighborhood context (poverty, residential instability, and racial/ethnic 

concentration) of exposure during adolescence and young adults’ acquisition of chlamydia, and 

found that exposure to neighbourhood poverty, but not residential instability or racial/ethnic 

concentration, increased the likelihood of chlamydia infection 12. Another study measured SES-

related risk using items on a questionnaire which asked about neighbourhood conditions and 

found that SES-related risk was predictive of both STI acquisition and reinfection among young 

African-American females 13. Finally, another study used a similar method to the ON-Marg 

Index (the Superprofile classification – an indicator of SES using the postal code of residence), 

and found that residence in inner city areas of deprivation were independent risk factors for 

multiple STIs, including chlamydia 14. 

 Additionally, other studies that have used the ON-Marg Index for research with different 

outcomes such as renal injury, cardiovascular disease, and violent deaths have found some 

significant relationships 22–25, which suggests that the measure is sufficiently sensitive for health 

research. That said, other studies have found non-significant associations with some indices of 

the ON-Marg index and various health outcomes 26. The studies which found significant positive 
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associations between the ON-Marg and various health outcomes either used a summary score 

of the ON-Marg (combining two or more of the indices) 22 or found significant associations with 

some of the indices and not the others 23,24. As suggested by the ON-Marg User Guide 21, it was 

not possible to use a summary score of the ON-Marg Index in this study, as the associations 

were not all positively or all negatively associated with chlamydia infection.  

 A neighbourhood measure of SES, specifically using the ON-Marg Index, could be a 

significant risk factor for some health outcomes, and not others. Additionally, some indices of 

the ON-Marg Index may be more associated with a specific health outcome compared to other 

indices. This is evident in several of the studies which have found associations between the ON-

Marg Index and a health outcome.  

 Although the results of this study did not indicate a statistically significant association 

between material deprivation, residential instability and ethnic concentration with chlamydia 

infection, it is important to note that 12% of the Clinic sample population did not have a postal 

code recorded, and therefore these individuals could not be linked to a score on the ON-Marg 

Index. As seen in Table 3.3, those in the “missing” category for material deprivation, residential 

instability and ethnic concentration had elevated ORs higher than the other quintiles when 

compared to their reference category. Although the relationships were not statistically 

significant, the elevated ORs suggest that the individuals who did not have a postal code 

recorded may come from more marginalized areas, with possibly no fixed address, which may 

explain the absence of a postal code. Further studies on the effects of neighbourhood SES (as 

measured by the ON-Marg Index) on chlamydia infection, with limited missing data, may be 

required to understand the full extent of the relationships. Unfortunately, for individuals who 
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do not have a postal code, it is not possible to study this relationship. A suggestion for future 

researchers and clinics is to indicate whether an individual has a fixed address in the 

questionnaire, rather than to simply not list a postal code.  

 This study should be considered with knowledge of its limitations. First, the population 

for this study includes only individuals who attended KFL&A Public Health’s sexual health clinic 

during the study period. Therefore, caution should be exercised when generalizing these 

results, since they are likely only generalizable to other Ontario STI clinic populations, 

specifically cities with similar demographics and distributions of the ON-Marg indices to the 

KFL&A region. Future studies using the ON-Marg Index may choose to include a wider sample 

which may include all individuals in a certain region, rather than to focus on a single STI clinic.  

 Second, all questionnaire data in this study were self-reported, and individuals may 

under or over-report certain aspects of their sexual history, such as number of sexual partners 

or condom use, for reasons associated with social desirability. While men typically over-report 

their number of sexual partners, women more often under-report 35. Although there is a risk for 

information bias, it is not expected to differ based on chlamydia status, as individuals did not 

know their test status at the time the information was collected and recorded. That said, an 

individual may suspect they have an infection, especially if they presented at the Clinic after 

learning they were an STI contact. This non-differential misclassification of the exposure may 

explain, at least in part, the ORs trending towards the null.  

 Lastly, it is important to not misinterpret the meaning of the ON-Marg Index. Although 

the ON-Marg Index is a measure of SES, it is not a measure of individual SES, but rather an 

average for those living within a geographic area. This interpretation would result in an 
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ecological fallacy. Therefore, the ON-Marg Index must be interpreted as neighbourhood SES, or 

the effect of living in a given geographic area, rather than the SES of an individual.  

 

3.6 Conclusion 

Area- and individual-level risk factors both affect the risk of becoming infected with chlamydia. 

In this study, multiple individual-level risk factors were associated with chlamydia infection. 

Since STI contact was the strongest and most significant predictor for chlamydia infection, STI 

clinics such as the KFL&A Public Health sexual health clinic should continue to put efforts to 

correctly tracking sexual contacts of those who tested positive for chlamydia. Additionally, 

social network analysis programs should be considered to further identify sexual contacts.  

 The results of this study do not show with certainty that area level markers of SES 

increase the odds for chlamydia infection. It may be possible that although individual-level SES 

has been established as a risk factor for chlamydia infection, neighbourhood SES as measured 

by the ON-Marg Index may not be. Future research should focus on examining this relationship 

in a wider population range using both neighbourhood and individual-level SES to further 

develop and implement neighbourhood-level population health intervention strategies in 

specific geographic regions and populations to reduce the risk of chlamydia infection.  
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Tables and Figures 

 

Figure 3.1. Conceptual framework explaining the interpersonal and individual-level factors 
which relate neighbourhood socioeconomic status (SES) to chlamydia infection.  
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Figure 3.2. Flow diagram of the data creation set for this study. A total of 1775 participants 
were included in the descriptive and analytic portion and 1556 participants were included in 
the geographic information system (GIS) portion of this study. 
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Figure 3.3. Total chlamydia positive rates from KFL&A Public Health’s sexual health clinic (April 
1, 2016 to March 31, 2017) plotted against a) material deprivation, b) dependency, c) 
residential instability and d) ethnic concentration from the Ontario-Marginalization (ON-Marg) 
Index. 
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Figure 3.4. Total chlamydia negative rates from KFL&A Public Health’s sexual health clinic (April 
1, 2016 to March 31, 2017) plotted against a) material deprivation, b) dependency, c) 
residential instability and d) ethnic concentration from the Ontario-Marginalization (ON-Marg) 
Index. 
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Table 3.1. Demographic and risk factor characteristics for those who tested positive and 
negative for chlamydia at KFL&A Public Health’s sexual health clinic between April 1, 2016 and 
March 31, 2017. 
 

Characteristic  
Chlamydia 

Positive 
n=208 

Chlamydia 
Negative 
n=1567 

Total 
n=1775 

Sex        
 Male 89 42.8 779 49.7 868 48.9 
 Female 119 57.2 788 50.3 907 51.1 
Age (years)        
 >40 10 4.8 163 10.4 173 9.8 
 30-40 18 8.7 226 14.4 244 13.8 
 26-29 36 17.3 301 19.2 337 19.0 
 20-25 90 43.3 623 39.8 713 40.2 
 <20 54 26.0 254 16.2 308 17.4 
Student        
 Yes 78 37.5 640 40.8 718 40.5 
 No 100 48.1 834 53.2 934 52.6 
 Missing 30 14.4 93 5.9 123 6.9 
Sexual orientation        
 Heterosexual 187 89.9 1283 81.9 1470 82.8 
 Bisexual 8 3.9 88 5.6 96 5.4 
 Homosexual 4 1.9 148 9.4 152 8.6 
 Missing 9 4.3 48 3.1 57 3.2 
Condom use        

 Always 22 10.6 284 18.1 306 17.2 

 Usually 63 30.3 490 31.3 553 31.2 

 Sometimes 57 27.4 343 21.9 400 22.5 

 Rarely 23 11.1 126 8.0 149 8.4 

 Never 29 13.9 244 15.6 273 15.4 

 Missing 14 6.7 80 5.1 94 5.3 

No. of sex partners, last 2 months        

 0 4 1.9 131 8.4 135 7.6 
 1 112 53.9 716 45.7 828 46.7 
 2 42 20.2 342 21.8 384 21.6 
 ≥3 39 18.8 297 19.0 336 18.9 
 Missing 11 5.3 81 5.2 92 5.2 
Tobacco usea        
 Yes 59 28.4 366 23.4 425 23.9 
 No 66 31.7 826 52.7 892 50.3 
 Not asked 34 16.4 118 7.5 152 8.6 
 Missing 49 23.6 257 23.6 306 17.2 
Excessive alcohol useb        
 Yes 22 10.6 195 12.4 217 12.2 
 No 72 34.6 754 48.1 826 46.5 
 Not asked 41 19.7 143 9.1 184 10.4 
 Missing 73 35.1 475 30.3 548 30.9 
STI Symptoms        
 No 117 56.3 858 54.8 975 54.9 
 Yes 91 43.8 709 45.3 800 45.1 
STI Contact        
 No 109 52.4 1361 86.9 1470 82.8 
 Yes 99 47.6 206 13.2 305 17.2 
Material deprivation        
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a Use of tobacco in the past 6 months. 
b Drink more than 10 drinks a week or more than 2 drinks a day at most (female); drink more than 15 drinks a week or more 
than 3 drinks a day at most (male). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 1 (least deprived) 40 19.2 336 21.4 376 21.2 
 2 27 13.0 238 15.2 265 14.9 
 3 35 16.8 234 14.9 269 15.2 
 4 32 15.4 315 20.1 347 19.6 
 5 (most deprived) 38 18.3 261 16.7 299 16.9 
 Missing 36 17.3 183 11.7 219 12.3 
Dependency        
 1 (least dependent) 24 11.5 297 19.0 321 18.1 
 2 37 17.8 264 16.9 301 17.0 
 3 56 26.9 334 21.3 390 22.0 
 4 21 10.1 267 17.0 288 16.2 
 5 (most dependent) 34 16.4 222 14.2 256 14.4 
 Missing 36 17.3 183 11.7 219 12.3 
Residential instability        
 1 (least instable) 15 7.2 137 8.7 152 8.6 
 2 28 13.5 206 13.2 234 13.2 
 3 24 11.5 215 13.7 239 13.5 
 4 39 18.8 226 14.4 265 14.9 
 5 (most instable) 66 31.7 600 38.3 666 37.5 
 Missing 36 17.3 183 11.7 219 12.3 
Ethnic concentration        
 1 (least ethnically concentrated) 23 11.1 191 12.2 214 12.1 
 2 36 17.3 263 16.8 299 16.9 
 3 47 22.6 316 20.2 363 20.5 
 4 49 23.6 397 25.3 446 25.1 
 5 (most ethnically concentrated) 17 8.2 217 13.9 234 13.2 
 Missing 36 17.3 183 11.7 219 12.3 
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Table 3.2. Multivariate analysis of individual-level risk factors for chlamydia among those who 
presented at KFL&A Public Health’s sexual health clinic between April 1, 2016 and March 31, 
2017. 
 

Risk factor  
Crude ORa (95% CIb) 

n=1775 
Adjusted OR (95% CI)c 

n=1775 

Age (years)    
 >40 Refd Ref 
 30-40 1.30 (0.58-2.89) 1.08 (0.46-2.51) 
 26-29 1.95 (0.94-4.03) 1.75 (0.82-3.77) 
 20-25 2.35 (1.20-4.63)* 2.59 (1.25-5.37)* 
 <20 3.47 (1.72-7.00)* 4.84 (2.18-10.74)* 
Sex    
 Male Ref Ref 
 Female 1.32 (0.99-1.78) 1.19 (0.85-1.67) 
Student     
 No Ref Ref 
 Yes 1.02 (0.74-1.39) 0.74 (0.50-1.09) 
 Missing 2.69 (1.70-4.27)* 1.31 (0.78-2.22) 
No. of sex partners, last 2 months    
 0 Ref Ref 
 1 5.12 (1.86-14.13)* 3.67 (1.30-10.42)* 
 2 4.02 (1.41-11.44)* 3.11 (1.06-9.10)* 
 ≥3 4.30 (1.51-12.28)* 2.72 (0.92-8.03) 
 Missing 4.45 (1.37-14.44)* 2.84 (0.78-10.30) 
Condom use    
 Always Ref Ref 
 Usually 1.66 (1.00-2.76) 1.66 (0.97-2.84) 
 Sometimes 2.15 (1.28-3.60)* 2.05 (1.18-3.55)* 
 Rarely 2.36 (1.27-4.39)* 2.09 (1.07-4.09)* 
 Never 1.53 (0.86-2.74) 1.60 (0.85-2.99) 
 Missing 2.26 (1.11-4.62)* 3.11 (1.29-7.51)* 
STI Symptoms    
 No Ref Ref 
 Yes 0.94 (0.70-1.26) 1.32 (0.95-1.83) 
STI Contact    
 No Ref Ref 
 Yes 6.00 (4.41-8.18)* 6.16 (4.35-8.74)* 

* Significant at the p<0.05 level. 
a OR = odds ratio. 
b CI = confidence interval.  
c Adjusted for one another. 
d Ref = reference value (1). 
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Table 3.3. Multivariate analysis of area-level risk factors (four indices of the Ontario 
Marginalization (ON-Marg) Index) for chlamydia among those who presented at KFL&A Public 
Health’s sexual health clinic between April 1, 2016 and March 31, 2017. 
 

ON-Marg index  
Crude ORa (95% CIb) 

n=1775 
Adjusted OR (95% CI)c  

n= 1775 

Material deprivation    
 1 (least deprived) Refd Ref 
 2 0.95 (0.57-1.60) 0.91 (0.53-1.59) 
 3 1.26 (0.78-2.04) 1.27 (0.76-2.14) 
 4 0.85 (0.52-1.39) 0.87 (0.51-1.46) 
 5 (most deprived) 1.22 (0.76-1.96) 1.21 (0.73-2.01) 
 Missing 1.65 (1.02-2.68)* 1.33 (0.78-2.26) 
Dependency    
 1 (least dependent) Ref Ref 
 2 1.73 (1.01-2.98)* 1.48 (0.83-2.63) 
 3 2.08 (1.26-3.43)* 1.95 (1.14-3.33)* 
 4 0.97 (0.53-1.79) 0.86 (0.45-1.64) 
 5 (most dependent) 1.90 (1.09-3.29)* 1.90 (1.05-3.43)* 
 Missing 2.43 (1.41-4.21)* 1.82 (1.00-3.29) 
Residential Instability    
 1 (least instable) Ref Ref 
 2 1.24 (0.64-2.41) 1.30 (0.64-2.66) 
 3 1.02 (0.52-2.01) 1.20 (0.58-2.49) 
 4 1.58 (0.84-2.97) 1.76 (0.89-3.47) 
 5 (most instable) 1.01 (0.56-1.81) 1.27 (0.67-2.39) 
 Missing 1.80 (0.95-3.41) 1.67 (0.83-3.37) 
Ethnic Concentration    
 1 (least ethnically concentrated) Ref Ref 
 2 1.14 (0.65-1.98) 1.31 (0.72-2.39) 
 3 1.24 (0.73-2.10) 1.35 (0.76-2.41) 
 4 1.03 (0.61-1.73) 1.21 (0.68-2.13) 
 5 (most ethnically concentrated) 0.65 (0.34-1.25) 0.77 (0.38-1.56) 
 Missing 1.63 (0.93-2.86) 1.47 (0.79-2.72) 

* Significant at the p<0.05 level. 
a OR = odds ratio. 
b CI = confidence interval.  
c Adjusted for age, sex, partners in the last 2 months, condom use, STI contact, STI symptoms and student status.  
d Ref = reference value (1). 
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Chapter 4 

 

Discussion  

 
4.1 Study Summary 

This study examined the effects of area- and individual-level risk factors and chlamydia 

infection within an STI Clinic sample in Kingston, Ontario. The purpose of this study was to 

identify the independent individual-level risk factors for chlamydia infection, and to determine 

whether low neighbourhood SES, as described by the ON-Marg Index, is associated with 

increased chlamydia rates. The findings of this study provide new information about chlamydia 

infection on a geographic scale and in the context of the ON-Marg Index given there is a lack of 

literature examining the relationship between area- and individual-level risk factors on STI 

acquisition, and there have been no studies that have used the ON-Marg Index as an area-level 

indicator for chlamydia infection. Additionally, studies such as this one add to the body of 

literature to inform public health agencies on where to deliver targeted neighbourhood-level 

interventions for STI prevention.  

 This chapter will summarize the major findings, compare the findings with the literature, 

review strengths and limitations, and discuss future research and public health implications.   

 

4.2 Summary of Major Findings 

 This study assessed various individual-level risk factors which were collected during the 

STI Clinic visit. After building a parsimonious model, it was found that young age, number of 
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sexual partners in the last 2 months, condom use, and STI contact were the strongest predictors 

for chlamydia infection. These risk factors have been previously identified as being strong 

predictors for infection in the literature. Sex, student status, and STI symptoms were not 

associated with chlamydia infection, contrary to what was hypothesized. These three variables 

are not as commonly studied in the literature for various reasons, as described in Chapter 3.  

 More recently, it has been found that area-level risk factors, such neighbourhood SES, 

can have a powerful influence on the health of an individual. In this study, the ON-Marg Index 

was used as an area-level measure for neighbourhood SES to examine its association with 

chlamydia infection in an STI Clinic population. Apart from the ethnic concentration index, there 

was a trend suggesting an association between the highest levels of marginalization for 

residential instability, material deprivation, dependency and increased odds of chlamydia 

infection compared to the lowest levels of marginalization. This association was only 

statistically significant for the dependency ON-Marg Index, and no clear dose-response was 

observed with increasing marginalization in any of the indices. 

 

4.3 Comparison of Findings with Literature  

 As discussed, the results of this study do not show that neighbourhood-level 

marginalization, or SES, as measured by the ON-Marg Index, is a significant predictor for 

chlamydia infection in this Clinic population. To our knowledge, no other published studies have 

looked at the ON-Marg Index as an indicator for neighbourhood-level SES with any STI, 

including chlamydia. Although, there have been some studies which have used different 

measures of neighbourhood SES to measure associations with chlamydia infection. 



 75 

 One American study looked at neighbourhoods and acquisition of chlamydia during the 

transition to young adulthood 1. The authors used census tract of residence to define the 

individuals’ neighbourhood, and looked at three indicators of neighbourhood social context – 

racial and ethnic concentration, concentrated poverty, and residential instability. Similar to the 

ON-Marg Index, each of these indicators were defined by various neighbourhood aspects. For 

example, residential instability was measured as the mean of two standardized items: 

proportion of households living in the census tract for 5 years or more and proportion of owner 

occupied homes. The authors studied various sexual risk behaviours and depression measures 

as mediators between neighbourhood context and acquisition of chlamydia, similar to the 

current study. Sexual risk behaviours included age at first vaginal intercourse, STI in the prior 

year, multiple STI partners in the prior year, condom used at last sex, binge drinking, and drug 

use. The authors conducted several models, and only found a positive association between 

exposure to neighborhood poverty during adolescence and the likelihood of a positive urine 

test for chlamydia during young adulthood. No significant relationships were found for 

residential instability or racial/ethnic concentration as the exposure. Although this study looks 

at young adults solely (18 to 27 years) and does not focus on an STI clinic population, the results 

mirror the findings of the current study, where residential instability and ethnic concentration 

as measures of neighbourhood SES were also not significant predictors for chlamydia infection. 

Therefore, there is some evidence that a measure of neighbourhood SES (poverty) is associated 

with chlamydia acquisition. Similarly, in the current study, it was found that dependency could 

be a predictor for chlamydia infection.  
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 Another similar study conducted in the United Kingdom measured the interrelation of 

demographic and geospatial risk factors between four common STIs, including chlamydia, in an 

STI clinic population 2. This study used a similar method to the ON-Marg Index to measure SES - 

the Superprofile (SP) classification. Using 72 census variables, areas were scored on a 

decreasing scale in order of affluence from 1 to 10 for the SES indicator. After controlling for 

sex, age, and ethnic group, SES was positively associated with chlamydia infection, but mostly 

for the SP classification 8, which is predominant in the more deprived central and urban areas 

of Leeds. Although this study found significant results, it is important to note that the  

SP classification is one large measure of SES, whereas the ON-Marg Index measures four 

different indices of SES. Additionally, this study only controlled for three factors (sex, age, and 

ethnic group), and none of them were related to sexual behaviour.  

 Interestingly, an American study examined whether neighbourhood SES provides a 

useful measure in comparison with individual-level SES with respect to the burden of multiple 

chlamydia diagnoses 3. This study used a cohort of women diagnosed with chlamydia at family 

planning clinics, and controlled for various individual-level risk factors such as race, age, age at 

first intercourse, lifetime number of sex partners, number of sex partners in the last 3 months, 

and condom use in the past 30 days. Individual-level SES measures included education level and 

employment, meanwhile neighbourhood SES was defined as per cent of people with income 

below the poverty line in each census tract, and was obtained from the US Census Bureau. In 

adjusted models, neither education nor employment was significantly associated with multiple 

chlamydia diagnoses, whereas neighbourhood-level poverty maintained its significant 

association. This study is unique as it compares both individual and neighbourhood-level SES for 
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chlamydia infection. It was shown that neighborhood-level poverty may provide a better 

measure of SES than individual-level variables as a predictor of multiple chlamydia diagnoses in 

young women. Additionally, this study demonstrated that neighbourhood-level measures may 

be useful when valid measures of individual-level SES are unavailable. 

 The main novel observation from this thesis was that the ON-Marg Dependency index 

was significantly associated with chlamydia infection. In general, it appears that studies similar 

to this project have also observed associations between some markers of neighbourhood-level 

SES and chlamydia infection, but not all markers.   

It is important to understand the potential mechanisms of a neighbourhood which could 

impact STI acquisition in an individual. For example, individuals who live in impoverished 

neighbourhoods may be more likely to get in contact with a high risk sexual partner. 

Additionally, these individuals are most likely less educated, and may not be aware of the 

impacts of high risk sexual behaviours, such as not using a condom or having multiple sexual 

partners 1. Additionally, another interesting explanation is that chronic stress associated with 

living in adverse neighbourhood contexts may impair the immune system function and 

therefore increase vulnerability to STI acquisition 1,4. Future studies should incorporate 

neighbourhood-level factors to study the effects on chlamydia and other STIs, as it may be 

more meaningful to target marginalized neighbourhoods, as opposed to individuals, for 

interventions and services.  

It is also important to contrast these proposed mechanisms of neighbourhood SES with 

individual-level SES. To date, limited studies assess the relationship between neighbourhood 

SES and chlamydia infection; most studies have focused on individual-level SES. That said, many 
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studies have described the role of social, political, economic, legal, and environmental forces 

that interact with individual and behavioural risk factors for adverse health outcomes 5,6. One 

study determined the associations of geosocial and psychosocial factors with having a prevalent 

STI, recent STI diagnosis, and sexual risk behaviours 7. This study found that contextual 

conditions, such as low income and housing insecurity, which are often present before sexual 

debut, may enhance STI risk by increasing sexual risk behaviours and likelihood of exposure. It is 

clear that neighbourhood and individual-level risk factors interact with one another to increase 

the likelihood that an individual will become infected with an STI. Therefore, upstream 

neighbourhood-level conditions such as housing and safety also contribute to STI burden, which 

is why it is important to not only target interventions at the individual-level (such as providing 

condoms), but to also target interventions to impoverished geographical regions (such as 

delivering sexual health education to neighbourhoods with lower SES).  

 

4.4 Strengths and Limitations  

4.4.1 Internal Validity 

4.4.1.1 Selection bias 

 This study used data from all individuals who attended KFL&A Public Heath’s sexual 

health clinic during the study period. Individuals did not volunteer to participate in this study 

and therefore, there is no risk of volunteer bias, a form of selection bias. Nevertheless, the 

population that attends the KFL&A Public Health sexual health clinic are more likely to 

represent a sexually active young adult population, and therefore, rates of chlamydia infection 

observed in this population are likely to be an over-estimate of the chlamydia rate in the 
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general Canadian population, which includes children and senior citizens, who are at low risk 

for chlamydia infection, in the denominator.  

4.4.1.2 Information bias 

4.4.1.2.1 Exposure assessment 

 Exposures in this study included all individual-level risk factors available from the Clinic 

questionnaire (Appendix F; Figure F.1) and the ON-Marg indices for the area-level risk factors. 

All questionnaire data (individual-level risk factors) in this study are self-reported, and 

individuals may inaccurately report or be untruthful about certain aspects of their sexual 

history. It is known that individuals might over- or under-report their number of partners for 

social desirability. While men typically over-report their number of sexual partners, women 

more often under-report 8. This cannot be determined with certainty in this study. Additionally, 

condom use is a very difficult variable to measure, as individuals tend to inaccurately recall 

condom use and may have trouble differentiating between the various responses, such as 

“rarely”, “sometimes” and “usually” using condoms.  

 In this study, nurses conducted face-to-face, standardized interviews with each 

participant. However, interview-based questionnaires can be problematic, especially when 

based on sensitive topics such as sexual history. When compared to other questionnaire-based 

methods, such as computer-assisted survey instruments (where respondents answer questions 

directly on a computer) or self-administered questionnaires, the literature suggests that 

questionnaire delivery modes affect self-reported sexual behaviours, and that use of computer-

assisted survey instruments can significantly reduce reporting bias 9. Other studies have also 

found that computer-assisted survey instruments improve quality of data and increase 
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respondents’ willingness to report sensitive behaviours, possibly due to an increased sense of 

privacy 10,11. Another study assessed the validity of female adolescent sexual behaviour data 

collected in Tanzania using five methods and found that self-reported sexual behaviour data 

and face-to-face interviews were inconsistent, but the additional use of in-depth interviews was 

useful in identifying risk factors 12.  

 In summary, it is possible that the face-to-face interview method used in the STI Clinic 

for this study may have contributed to individuals feeling uncomfortable answering certain 

questions to the nurse, which could have led to either missing or misclassified data. Although 

there is a risk for information bias, it is not expected to differ based on chlamydia status, as 

individuals did not know their test result at the time the information was collected and 

recorded. This non-differential misclassification of the exposure may explain, at least in part, 

the ORs tending towards the null. That said, an individual may have suspected that they had an 

infection, especially if they presented at the Clinic after learning they were an STI contact. In 

this case, if those that correctly suspected a chlamydia infection systematically under or over-

reported their sexual history, this could have introduced differential misclassification and the 

ORs would be under or over-estimated, respectively.  

 Lastly, it is important to not misinterpret the meaning of the ON-Marg Index. Although 

the ON-Marg Index is a measure of SES, it is not a measure of individual SES, but rather an 

average for those living within a geographic area. This interpretation could result in an 

ecological fallacy. Therefore, the ON-Marg Index must be interpreted as neighbourhood SES, or 

the effect of living in a given geographic area, rather than the SES of an individual. Additionally, 

the ON-Marg Index has yet to be validated against other measures of neighbourhood SES or 



 81 

deprivation indices. Future studies may benefit from contrasting the use of the ON-Marg Index 

compared to other measures of neighbourhood SES for different health outcomes.  

 It is also important to understand the implications of assigning students to a DA in which 

they did not contribute to the ON-Marg Index for. For example, if a student attends a University 

or college in Kingston during the school year (September to April) but has a permanent home 

address in another city, their responses to the census survey contributed to the ON-Marg Index 

in a DA that reflects their permanent home address, and not that of their University (or 

Kingston) address. This is a limitation of the study, and would impact the 40% of respondents 

who were identified as students.  

 A stratified analysis on student-status for the area-level risk factors model was 

conducted, in order to observe if results differed based on student-status (see Appendix H; 

Table H.1). Different independent-risk factors made it into the final parsimonious model as 

confounders for each group. For residential instability, increased marginalization (quintiles 3-5 

vs 1) was significantly associated with an increase in chlamydia prevalence.   There were no 

clear associations with residential instability and chlamydia prevalence in the student 

population. When students and non-students were analyzed together (Table 3.3), no 

statistically significant effects were observed for residential instability. For ethnic 

concentration, there were significant associations between marginalization and chlamydia 

prevalence in the student strata, but with an inverse dose response for quintiles 2-5. There was 

no, significant association between ethnic marginalization and chlamydia prevalence in the 

non-student strata. Similarly, when analyzed as a whole, no statistically significant effects were 

observed for ethnic concentration.  
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 In conclusion, a stratified analysis by student status for the area-level risk factors shows 

that the effects of neighbourhood SES on chlamydia infection differs for students and non-

students in this sample. This may in part be due to the misclassification that arises with 

assigning students to a DA in which they did not contribute census data to. Although, it is 

important to note that by stratifying this analysis by student status, power to detect 

associations between the indices of the ON-Marg Index and chlamydia infection is lost, as the 

sample size decreases. Additionally, 7% of the Clinic sample was not accounted for in this 

stratified analysis, as student status was missing for these individuals.  

 Finally, it is of importance to mention that the ON-Marg Index used in this study was the 

2006 version. The study sample consisted of individuals who attended the Clinic from 2016-

2017. Individuals who completed the census questionnaire and contributed to the ON-Marg 

Index in 2006 may be different than the individuals who attended the STI Clinic 10 years later. 

4.4.1.2.2 Outcome assessment 

 The outcome of interest of this study was a chlamydia test result, as recorded in the 

EMR database of the Clinic. A strength of this study is that this outcome assessment is an 

objective measure, which is obtained from bodily samples, meaning it is expected to be very 

accurate. Minimal problems are expected to arise with misclassification of the outcome, as the 

sensitivity and specificity of the NAAT tests are typically very high 13. Although 86% of the Clinic 

population was tested for chlamydia using the NAAT, the other 14% were tested for chlamydia 

via culture. The sensitivity of a culture-based test is not as high as the NAAT (60-80% for culture 

versus 96-100% for NAAT), as it may be impaired by poor specimen collection, storage and 

transport, toxic substances in clinical specimens, and overgrowth of cell cultures by commensal 
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microbes 14. Therefore, some individuals in this study may have been incorrectly classified as 

having a negative test result. That said, individuals who continue to experience STI symptoms 

will often return to the Clinic for re-testing during the study period and be later correctly 

classified as having a positive test result. Because this study only looked at the first test result 

for each individual, the small percentage of participants who incorrectly tested negative and 

then returned to the clinic for a re-rest and then tested positive at a later date would be 

misclassified as having a negative chlamydia test.  

4.4.1.3 Confounding 

 All analytic components of this study controlled for several potential confounders which 

were determined from past literature, were available in the questionnaire, and were associated 

with the outcome in bivariate analysis at a p<0.20 level. Two a priori confounders were 

measured in this study – age and sex. Age was a strong and significant predictor for chlamydia 

infection in this Clinic sample, and as age increased, the odds of chlamydia increased. However, 

sex was not a significant predictor for infection.  

 It is also possible that there are other confounders which were not considered in this 

study. Although the Clinic questionnaire considered most risk factors, it is possible that 

variables such as marital/boyfriend or girlfriend status, ethnicity, mental and physical health, 

age at sexual debut, and other risk factors could have been important confounders in the 

multivariate models of this study. Since this study was limited to the variables included in the 

questionnaire, there was no way to explore these other variables of interest.  

4.4.1.4 Study Power 
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 A priori power calculations (Appendix I) revealed that there was reasonable power 

(>80%) to detect an association between the least frequent exposure in this study (there was 

no single exposure of interest) that was in the literature (number of partners in the last two 

months) and chlamydia infection. The analysis strategy employed the use of a backward 

deletion procedure to generate the most parsimonious model of risk factors associated with 

chlamydia infection. Because of the large sample size and a high proportion of individuals who 

tested positive for chlamydia in the Clinic, this study had high power to detect a significant 

effect if present.  

  

4.4.2 External Validity 

The population for this study includes only individuals who attended KFL&A Public Health’s 

sexual health clinic during the period of study. Therefore, it is important to take caution with 

the generalizability of these results, knowing that it can only be potentially generalized to other 

STI clinic populations in Ontario, specifically cities with similar demographics and distributions 

of the ON-Marg indices to the KFL&A region. Future studies using the ON-Marg Index may 

choose to include a wider sample which may include all individuals in a certain region, rather 

than to focus on an STI clinic. Doing so may result in significant associations between the 

indices of the ON-Marg Index and chlamydia infection. 

 

4.4.3 Additional Strengths and Limitations 

4.4.3.1 Missing Data 
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 Although the Clinic questionnaire used in this study was delivered by nurses, there is still 

some missing data for most of the variables. Some nurses may not have been as diligent while 

filling out the questionnaire, or some individuals may have refused to answer certain questions. 

As seen in Table 3.1, most missing data is from the tobacco and excessive alcohol use questions, 

with 26% of Clinic participants having missing data for the tobacco question and 41% having 

missing data for the excessive alcohol use question. This small sample size could have 

contributed to the tobacco and alcohol variables not making it into the final parsimonious 

individual-level risk factor model in Table 3.2. Additionally, just over 12% of individuals did not 

provide a postal code, and therefore marginalization data for these individuals was not 

captured in the area-level model in Table 3.3. Perhaps alternative forms of data collection such 

as computer-assisted questionnaires would help minimize missing data.  

 Implications of missing data and smaller categories for certain variables may have led to 

the wide confidence intervals and lack of significant findings. It is possible that if the categories 

had larger sample sizes, this study would have had more power to detect some associations.  

4.4.3.2 Novelty 

Although studies in the past have measured the association between low individual and 

neighbourhood SES and chlamydia infection, no studies to date have used the ON-Marg Index 

as a measure of neighbourhood SES for any STI, including chlamydia infection. This study adds 

to the significance of using the ON-Marg Index as a measure of neighbourhood SES for health 

outcomes in epidemiological research. There are currently a limited number of studies which 

have used the ON-Marg Index to measure health outcomes, and no studies have used the tool 
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for sexual health research. Although the findings of this study were not all statistically 

significant, it will be the first of its kind and will hopefully initiate further research.  

 Additionally, studies have not plotted test positive and negative individuals from an STI 

clinic on a GIS. The findings of this study add to the growing body of literature regarding the 

multiple area- and individual-level risk factors for chlamydia infection, specifically in an STI clinic 

population. 

 

4.5 Future Research and Public Health Implications 

Many studies have shown that individual- and area-level risk factors both impact the risk of 

being infected with chlamydia. It may be possible that although neighbourhood SES has been 

proven to be a risk factor for chlamydia infection in the past, neighbourhood SES as measured 

by the ON-Marg Index, in this limited STI Clinic population, may not be. Future research should 

focus on examining this relationship using different populations, to confirm and strengthen the 

results of the current study.  

 This research has direct implications to public health agencies and STI clinics in Canada. 

Traditional STI prevention strategies have focused on student populations, specifically 

universities and colleges. This study has suggested that those who are more likely to be infected 

may be individuals who are less educated, may not have a permanent home address, and may 

come from more marginalized regions. The results of this study add some knowledge to the 

existing literature, suggesting that neighbourhood-level population health intervention 

strategies should focus prevention efforts in regions which may be more marginalized, to 

educate individuals and to reduce the risk of chlamydia acquisition.  
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 Additionally, since STI contact was the strongest and most significant predictor of 

chlamydia infection, STI clinics such as the KFL&A Public Health sexual health clinic should 

continue to put efforts into correctly tracking sexual contacts of those who tested positive for 

chlamydia. Although most STI clinics currently ask that if an individual tests positive for 

chlamydia, they should advise recent sexual partners to get tested, many clinics do not have the 

capacity to call all previous partners of each infected individual. This study suggests that more 

resources should go into ensuring continued intensive contact tracing for infected individuals. 

Additionally, social network analysis programs should be considered to further identify sexual 

contacts.  

 

4.6 Conclusion  

In conclusion, this study confirms that several individual-level risk factors, such as age, number 

of recent sexual partners, STI contact, and condom use, are important predictors for chlamydia 

infection in an STI clinic. There is also a trend suggesting an association between high 

marginalization, as defined by the indices of the ON-Marg Index, and chlamydia infection.  

 The knowledge that has come from this study is novel and will add to the literature to 

better target neighbourhood-level prevention interventions in specific geographic regions, as 

prevention strategies are facilitated by understanding the transmission dynamics of the STI.  
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Appendix B 

 

Neighbourhood Profiles- 2011 Census Key Map 

 
Figure B.1. Neighbourhood profile map for the city of Kingston from the 2011 census, which 

shows all 43 neighbourhoods. Each neighbourhood has five to seven blocks (DAs).  
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Appendix C 

 

Dissemination Area Reference Map 

Figure C.1. A reference map showing the three dissemination areas (DA) for the Census tract 

0002.00 in Kingston (neighbourhood 35 from Figure 1). Each DA is outlined in a thin green line 

and labelled in green text with a six-digit code.  
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Appendix D 

 

Marginalization Indicators 

 
Figure D.1. Dimensions of marginalization and their respective indicators for the ON-Marg.  
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Appendix E 

 

Methods of Chlamydia Tests 

 

Table E.1. Methods of chlamydia tests conducted at the clinic during the study period (April 1, 

2016 to March 31, 2017) and results (normal and abnormal). Column and row totals are 

presented.  

Test Negative Positive Total 

CT Culture Cervical 1 0 1 

CT Culture Rectal 97 6 103 

CT Culture Throat 236 0 236 

CT Culture Urethral 1 0 1 

CT NAAT Cervical 413 35 448 

CT NAAT Urine 1423 191 1614 

Total 2171 232 2403 
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Appendix F 

 

Questionnaire at the KFL&A Public Health Sexual Health Clinic 

 
Figure F.1. List of risk factor variables collected from clients by staff at the KFL&A Public Health 

sexual health clinic.  
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Appendix G 

 

Detailed Demographic and Risk Factor Characteristics 

 

Table G.1. More detailed risk factor characteristics for those who tested positive and negative 
for chlamydia at KFL&A Public Health’s sexual health clinic between April 1, 2016 and March 31, 
2017. 
 

Characteristic  
Chlamydia 

Positive 
n=208 

Chlamydia 
Negative 
n=1567 

Total 
n=1775 

Presenting concern        
 Contact tracing 94 45.2 135 8.6 229 12.9 
 Routine screening 55 26.4 943 60.2 998 56.2 
 Symptomatic 48 23.1 446 29.1 494 27.8 
 Resubmitting a specimen 0 0.0 4 0.3 4 0.2 
 Test of cure 0 0.0 2 0.1 2 0.1 
 Post-window follow-up 0 0.0 3 0.2 3 0.2 
 Missing 11 5.3 34 2.2 45 2.5 
STI Symptoms        
 None 110 52.9 805 51.4 915 51.6 
 Discharge 36 17.3 223 14.2 259 14.6 
 Urinary symptoms 46 22.1 172 11.0 218 12.3 
 Pelvic pain 14 6.7 89 5.7 103 5.8 
 Abnormal bleeding 10 4.8 83 5.3 93 5.2 
 Skin change 18 8.7 282 18.0 300 16.9 
 Other symptoms 14 6.7 150 9.6 164 9.2 
STI Risks        
 No risks 76 36.5 797 50.9 873 49.2 
 History STI 43 20.7 375 23.9 418 23.6 
 STI contact 64 30.8 147 9.4 211 11.9 
 Unsterile tattoos/piercings 10 4.8 28 1.8 38 2.1 
 Nasal drug use 24 11.5 173 11.0 197 11.1 
 Injection drug use 3 1.4 16 1.0 19 1.1 
 Partner from an endemic area 6 2.9 64 4.1 70 3.9 
 Other 3 1.4 49 3.1 52 2.9 
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Table G.2. Age and sex demographics for the abnormal cases in iPHIS and for the abnormal/ 
normal testing population attending the KFL&A Public Health sexual health clinic. 
 

Demographic  
iPHIS 

Abnormal 
Clinic Abnormal Clinic Normal Clinic Total 

  N % N % N % N % 

Total  905 100 208 11.7 1567 88.3 1775 100 

Sex          

 Male 375 41.4 119 57.2 788 50.3 907 51.1 

 Female 530 58.6 89 42.8 779 49.7 868 48.9 

Age (years)          

 10 to 14 4 0.4 1 0.5 4 0.3 5 0.28 

 15 to 19 215 23.8 53 25.5 250 16.0 303 17.07 

 20 to 24 404 44.6 90 43.3 623 39.8 713 40.17 

 25 to 29 147 16.2 36 17.3 301 19.2 337 18.99 

 30 to 29 91 10.1 18 8.7 226 14.4 244 13.75 

 40 to 59 43 4.8 10 4.8 140 8.9 150 8.45 

 60 and over 1 0.1 0 0.0 23 1.5 23 1.30 
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Appendix H 

Stratified Multivariate Analysis of Area-Level Risk Factors by Student Status 

 

Table H.1. Multivariate analysis of area-level risk factors (four indices of the Ontario 
Marginalization (ON-Marg) Index) for chlamydia among those who presented at KFL&A Public 
Health’s sexual health clinic between April 1, 2016 and March 31, 2017, stratified by student-
status. 

 

ON-Marg index  

 
Adjustedc ORa (95% CIb) 

 

Students 
n=718 

 

 
Adjustedd OR (95% CI) 

 

Non-students 
n=934 

Material deprivation    
 1 (least deprived) Refd Ref 
 2 1.44 (0.60-3.47) 0.62 (0.29-1.36) 
 3 2.00 (0.88-4.53) 0.89 (0.41-1.92) 
 4 1.11 (0.50-2.64) 0.81 (0.38-1.75) 
 5 (most deprived) 0.78 (0.30-2.02) 1.36 (0.69-2.68) 
 Missing 1.92 (0.82-4.52) 1.12 (0.49-2.52) 
Dependency    
 1 (least dependent) Ref Ref 
 2 2.58 (1.00-6.62) 0.97 (0.44-2.14) 
 3 3.56 (1.48-8.56)* 0.86 (0.40-1.85) 
 4 0.88 (0.27-2.91) 0.57 (0.24-1.35) 
 5 (most dependent) 3.42 (1.27-9.17)* 1.39 (0.64-3.02) 
 Missing 3.42 (1.30-8.98)* 1.11 (0.46-2.67) 
Residential Instability    
 1 (least instable) Ref Ref 
 2 0.76 (0.26-2.26) 1.81 (0.57-5.81) 
 3 0.59 (0.18-1.95) 3.18 (1.06-9.61)* 
 4 1.07 (0.41-2.82) 3.32 (1.10-10.1)* 
 5 (most instable) 0.54 (0.21-1.38) 3.31 (1.18-9.29)* 
 Missing 1.17 (0.42-3.23) 3.24 (1.02-10.3)* 
Ethnic Concentration    
 1 (least ethnically concentrated) Ref Ref 
 2 4.67 (1.20-18.1)* 0.84 (0.38-1.85) 
 3 3.91 (1.05-14.6)* 0.79 (0.36-1.73) 
 4 2.61 (0.68-10.1) 1.24 (0.62-2.50) 
 5 (most ethnically concentrated) 1.18 (0.28-5.05) 1.11 (0.42-2.96) 
 Missing 4.27 (1.08-17.0)* 1.18 (0.50-2.79) 

* Significant at the p<0.05 level. 
a OR = odds ratio. 
b CI = confidence interval.  
c Adjusted for age, sex, condom use and STI contact. 
d Adjusted for age, sex, partners in the last 2 months, STI contact and STI symptoms.  
d Ref = reference value (1). 
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Appendix I 

 

A Priori Power Calculation 

 

Exposure: Number of partners (last 2 months)  

 

8.9% of male STI clinic attendees reported having over 3 partners in the past few months.1 

 

RR=1.35 

n= 2403 

r= 2190/213 

  = 10.28 

p0  = 0.0742 

p1 = (p0RR)/(1+p0 + p0 (RR-1)) 

     = (0.074)(1.35) / (1+0.074 + 0.074 (1.35-1)) 

     = 0.091 

d*= p1-p0 

     = 0.091-0.074 

     = 0.017 

p= (p1+rp0) / 1+r 

  = (0.091 + 10.28(0.074)) / 11.28 

  = 0.076 

ZB = ((n(d*)2r)/(r+1)p(1-p))0.5 – Za/2 

    = ((2403)(0.017) 2(10.28))/ (11.28)(0.076)(1-0.076)) 0.5 – 1.96 

    = 1.042 

Power= 85.3% 
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