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Abstract

OBJECTIVE:
To discuss the occurrence of genital chlamydia in developed countries and review
the literature assessing the potential risk factors for this sexually transmitted
disease.

DATA SOURCES:
A MEDLINE search was performed for all English citations from 1985 to 2000 that
contain the keywords "Chlamydia trachomatis", "chlamydial infections", "risk
factors" and "sex behaviour". All relevant references cited in articles that were
obtained from the search were also included.

DATA EXTRACTION:
All articles obtained from the above sources were examined, and were included in
the review if they met the following criteria: primary study examining
sociodemographic or behavioural risk factors associated with genital chlamydial
infection using multivariate analysis; study subjects 12 years of age and older;
and study setting in a developed country.

DATA SYNTHESIS AND CONCLUSIONS:
Genital chlamydial infection has become the most commonly reported bacterial
infection in North America over the past decade. Thirty-eight cross-sectional
studies and six cohort studies were included in the present review. Most studies
demonstrated that young men and women are at higher risk of being infected with
chlamydia than older subjects. Chlamydia seems to be found in a diverse group of
people, and unlike gonorrhea, is not concentrated in low income, minority core
groups with high rates of partner change. However, a number of studies have
shown that communities with well-established control programs are beginning to
demonstrate this pattern. There is no clear evidence that chlamydia is associated
with type of partners, contraceptive use, or age at first intercourse. Future
research should follow this sexually transmitted disease as it evolves through the
epidemiological stages to ensure that preventive and treatment services are
reaching those people who are most likely to be infected.
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Diseases

 

Genital chlamydial infection is a sexually transmitted disease (STD) of public
health importance. Infection with the intracellular bacterium Chlamydia trachomatis
can cause urethritis, cervicitis, pharyngitis, proctitis or epididymitis, although
asymptomatic infections are quite common, occurring in up to 70% of infected
women and 50% of infected men (1,2). Untreated chlamydial infection can lead to
pelvic inflammatory disease (PID) in 10% to 40% of affected women, which can
result in infertility, ectopic pregnancy and chronic pelvic pain (3,4). As well,
chlamydial infection during pregnancy may cause complications such as
spontaneous abortion, premature rupture of fetal membranes, premature delivery,
low birth weight and neonatal infections including conjunctivitis and pneumonia
(4-6). The economic burden of this disease is also great. The 1990 baseline
burden of illness estimate for C trachomatis in Canada, which includes the costs
of diagnostic and screening tests, and treatment of uncomplicated genital
chlamydia and cases of PID, female infertility and ectopic pregnancy attributable
to this infection, was $89 million for men and women combined (7). In
comparison, the direct and indirect costs of treating genital chlamydia and its
complications in the United States was estimated to be approximately US$2 billion
in 1994 (3).

The present paper provides an overview of the occurrence of genital chlamydia in
developed countries and summarizes the potential risk factors associated with the
disease. These risk factors may be either causally related to disease outcome
(such as number of partners or use of barrier contraceptives), a marker or
indicator of certain sexual or health care behaviours that directly affect a person's
risk of infection (including socioeconomic status or race) or both (such as age).
The ability to identify populations at increased risk is important for targeting
screening and prevention programs.

DATA AND METHODS

To find epidemiological studies that examined the risk factors related to genital
chlamydial infection, a MEDLINE search was performed for all English citations
from 1985 to 2000 that contain the keywords "Chlamydia trachomatis",
"chlamydial infections", "risk factors" and "sex behaviour". The reference lists from
retrieved articles were searched manually to find further relevant studies. Studies
were included in the present review if they met the following criteria: the study was
published in 1985 or later; the study was a primary study examining
sociodemographic and behavioural risk factors associated with chlamydial
infection using multivariate analysis; and study subjects were 12 years of age and
older. As well, the study had to be located in Canada, the United States, Australia,
New Zealand or Europe, because the epidemiology of genital chlamydia in
developing countries is very distinct from that of developed countries, due to
differences in health care accessibility, public sector resources, health care-
seeking behaviours and gender inequalities (8). Three articles that exclusively
compared repeat cases to initial cases of genital chlamydia were excluded (9-11)
from this review to make comparisons among studies more meaningful, because
all other studies compared infected individuals to individuals who were not
infected. In addition, three articles were eliminated because the method of
detection for chlamydial infection was not given (12), had low specificity
(microimmunofluorescence) (13), or was based solely on self-reported disease
status (14). Overall, 44 studies examining risk factors for genital chlamydial
infection were included in the review, including 38 cross-sectional studies in which
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disease and exposure status were assessed at a single time for each study
subject, and six prospective cohort studies that examined the predictors of
incident infections in susceptible study subjects over a period of time. Only eight
of these studies looked at risk factors for chlamydia in males. The studies are
described in Table 1 and Table 2.

TABLE 1
Description of cross-sectional studies of chlamydia

TABLE 2
Description of prospective cohort studies of chlamydia

OCCURRENCE OF GENITAL CHLAMYDIA

Genital chlamydia has become the most commonly reported bacterial STD in
North America and Europe (15). However, accurate time trends in the incidence
of chlamydia are difficult to define because of changes in reporting, increased
detection due to improved laboratory tests and increasing laboratory surveillance
(16). Gerbase et al (17) estimated that the average annual incidence rates for
people aged 15 to 49 years were similar in North America, western Europe and
Australasia at 2146/100,000 for males and 3073/100,000 for females in 1995.
This translates into 1.64 million new cases in males and 2.34 million new cases in
females in North America, compared with 2.30 million males and 3.20 million
females in western Europe, and 120,000 males and 170,000 females in
Australasia.

In Canada, reported genital chlamydial infections decreased steadily between
1991 and 1997, from an annual national reported incidence of 171.7/100,000
persons to 112.7/100,000 persons (18). However, increases in genital chlamydia
incidence have been reported by some provinces since 1998, due in part to the
introduction of nucleic acid amplification tests that have a substantially higher
sensitivity than previous tests (19). In 2000, the annual national reported
incidence was 151.1/100,000 persons. Annual reported incidence rates are
consistently higher among females than among males. In 2000, the reported
incidence rates were highest at 1236.1/100,000 among women aged 15 to 19
years and 1179.4/100,000 among women aged 20 to 24 years. In contrast, the
reported incidence of genital chlamydia peaked at 472.8/100,000 among men
aged 20 to 24 years in 2000 (18). This sex differential reflects the combination of
screening of asymptomatic females during routine pelvic examinations and low
rates of testing in men (18).

In the United States, reported incidence rates of genital chlamydia increased from
50.8 cases/100,000 persons in 1987 to 236.6/100,000 in 1998. In addition to
increased screening, especially for asymptomatic women, this trend is also due to
improved reporting and an increase in the number of states requiring reporting. As
with people in Canada, the incidence was highest in females aged 15 to 19 years,
at 2359.4/100,000 cases, and in 20- to 24-year old women, at 1952.7/100,000 in
1998 (20). The 1992 National Health and Social Life Survey found that 3.2% of
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3159 American men and women between the ages of 18 and 59 years reported
having had chlamydia in their lifetime, and the annual incidence of chlamydia was
estimated to be 500/100,000 population (21). According to the 1988 National
Survey of Family Growth (NSFG), 1.7% (95% CI 1.4 to 2.0) of 8450 women aged
15 to 44 years reported ever having had chlamydia. However, these self-reported
rates are likely to be underestimates because chlamydia is a less well-known
STD; for example, only 36.6% of the NSFG sample had ever heard of chlamydia
(14).

In England and Wales, surveillance reports were based on returns from
genitourinary medicine (GUM) clinics and microbiological laboratories. In 1996,
29,656 new cases were reported from laboratories and 31,857 new cases were
reported from 213 GUM clinics (22). Annual incidence rates for males seen at
GUM clinics remained relatively stable - under 100/100,000 males between 1988
and 1996, with highest incidence rates among males aged 20 to 24 years in 1996.
For females, the annual incidence increased from 95 cases/100,000 females in
1993 and 125 cases/100,000 females in 1996, with the highest incidence for
females aged 16 to 19 years in 1996 (23). However, only about 10% of C
trachomatis infections are identified in GUM clinics, and reporting from
laboratories is neither mandatory nor complete (22,24). Studies and surveillance
estimates based on data from STD and GUM clinics also may not provide
accurate estimates for the disease frequency among the general population
because their clientele are not necessarily representative of the sexually active
population that is at risk for STDs (25).

Genital chlamydial infections have been reportable in Swedish laboratories since
1982 and became nationally notifiable in 1988 (26). The incidence of genital
chlamydia began to decrease during the late 1980s, in association with the
implementation of routine screening of women, increased screening among men,
contact tracing and the establishment of youth clinics (16,26-29). The number of
reported cases dropped from approximately 40,000 cases in 1987 to 14,000
cases in 1996, which has been accompanied by a corresponding reduction in the
number of cases of PID and ectopic pregnancy (29-31).

RISK FACTORS FOR GENITAL CHLAMYDIA

A summary of the relationships between genital chlamydia and the various risk
factors observed in the studies reviewed is shown in Table 3 and Table 4.

TABLE 3
Risk factors for chlamydia in females

TABLE 4
Risk factors for chlamydia in males

Age
Younger age is shown consistently to be associated with increased risk of
chlamydial infection among the sexually active population. Highest incidence rates

 Other Sections▼

Surveillance of sexually transmitted infections in England and
Wales.

Screening criteria for Chlamydia trachomatis in family
planning clinics: accounting for prevalence and clients'

Different demographic and sexual correlates for chlamydial
infection and gonorrhoea in Rotterdam.

Epidemiologic control of genital Chlamydia trachomatis
infections.

Review Is Europe ready for STD screening?

Decreasing incidences of gonorrhea- and chlamydia-
associated acute pelvic inflammatory disease. A 25-year

       

Cervical Chlamydia trachomatis infection in university women:
relationship to history, contraception, ectopy, and cervicitis.

Community-based urine screening for Chlamydia trachomatis
with a ligase chain reaction assay.

Chlamydia trachomatis cervical infection in women seeking
routine gynecologic care: criteria for selective testing.

[Euro Surveill. 1998]

[Fam Plann Perspect. 1997]

[Int J Epidemiol. 1997]

[Scand J Infect Dis Suppl. 1990]

[Genitourin Med. 1997]

[Sex Transm Dis. 1996]

[Am J Obstet Gynecol. 1985]

[Ann Intern Med. 1997]

[Am J Med. 1989]

http://www.ncbi.nlm.nih.gov/pubmed/7871442
http://www.ncbi.nlm.nih.gov/pubmed/12631766
http://www.ncbi.nlm.nih.gov/pubmed/12631766
http://www.ncbi.nlm.nih.gov/pubmed/9258647
http://www.ncbi.nlm.nih.gov/pubmed/9447420
http://www.ncbi.nlm.nih.gov/pubmed/2263891
http://www.ncbi.nlm.nih.gov/pubmed/2263891
http://www.ncbi.nlm.nih.gov/pubmed/9215088
http://www.ncbi.nlm.nih.gov/pubmed/9215088
http://www.ncbi.nlm.nih.gov/pubmed/8885069
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2094865/table/T3/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2094865/table/T4/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2094865/table/T3/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2094865/table/T3/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2094865/table/T4/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2094865/table/T4/
http://www.ncbi.nlm.nih.gov/pubmed/12631766
http://www.ncbi.nlm.nih.gov/pubmed/12631766
http://www.ncbi.nlm.nih.gov/pubmed/9258647
http://www.ncbi.nlm.nih.gov/pubmed/9258647
http://www.ncbi.nlm.nih.gov/pubmed/9258647
http://www.ncbi.nlm.nih.gov/pubmed/9447420
http://www.ncbi.nlm.nih.gov/pubmed/9447420
http://www.ncbi.nlm.nih.gov/pubmed/2263891
http://www.ncbi.nlm.nih.gov/pubmed/2263891
http://www.ncbi.nlm.nih.gov/pubmed/9215088
http://www.ncbi.nlm.nih.gov/pubmed/9215088
http://www.ncbi.nlm.nih.gov/pubmed/8885069
http://www.ncbi.nlm.nih.gov/pubmed/8885069
http://www.ncbi.nlm.nih.gov/pubmed/8885069
http://www.ncbi.nlm.nih.gov/pubmed/4050890
http://www.ncbi.nlm.nih.gov/pubmed/4050890
http://www.ncbi.nlm.nih.gov/pubmed/9382400
http://www.ncbi.nlm.nih.gov/pubmed/9382400
http://www.ncbi.nlm.nih.gov/pubmed/2712058
http://www.ncbi.nlm.nih.gov/pubmed/2712058


Risk factors for genital chlamydial infection

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2094865/?tool=pubmed[25.7.2010. 15:37:41]

of infection are reported consistently in adolescents and young adults in Canada
and the United States (18,20). Twenty-nine of 34 studies of females and five of
seven studies of males have shown a significant relationship between age and
chlamydial infection in multivariate analysis. In the majority of studies that did not
demonstrate an association between age and chlamydial infection, study
populations were restricted to adolescents and young adults, such as at university
health services or school-based clinics, where the risk of being infected was more
likely to be uniform across the subpopulation (32-36). Phillips et al (37) set the
cut-off age at 30 years, which may have been too high to detect an age
differential; in fact, they did find that women aged 24 years and younger had the
highest prevalence of chlamydia.

There are a number of reasons why adolescents are at greater risk for genital
chlamydial infection than older people. A higher risk in adolescent females may be
associated with certain aspects of physical development that make this group
more vulnerable to sexually transmitted infections, including the persistence of
columnar epithelium on the cervix, which supports the growth of C trachomatis,
and changes in vaginal flora and mucus production (38,39). As well, older women
may have acquired partial immunity after initial or serial infections in the past (6).
Differences in the prevalence of infection between adolescents and adults are
also often attributed to differences in sexual behaviours. In the United States, the
proportion of adolescent women who reported having had premarital intercourse
increased from 28.6% in 1970 to 51.5% in 1988 (40), and sexual debut during
early adolescence is often associated with greater numbers of sex partners
(40-44). The difference in number of sexual partners according to age may also
largely be a function of marital status (41). Finally, adolescents may be less able
to implement the complex act of correct condom use (39) or to communicate
effectively about sexuality (45), and may be less likely to acknowledge the risks
associated with their sexual behaviour (46). Therefore, in addition to universal
screening for adolescents and young adults, as is generally recommended
(47,48), these results also highlight the need for more proactive sexual health
education strategies for adolescents and young adults for the primary prevention
of chlamydia and other STDs.

Race and/or ethnicity and socioeconomic status
The relationships among race, socioeconomic status (SES) and genital
chlamydial infection are not clear. Race/ethnicity and socioeconomic status are
often considered together because they are strongly interrelated (49). Only 10 of
23 studies in females and one of four studies in males indicated a higher risk of
chlamydial infection in nonwhite people compared with white people in
multivariate analysis. SES was not associated with chlamydia in multivariate
analysis using any measure for males and females, including employment status
(50-52), income (53-55), level of parents' education (33), use of Medicaid (37) or
occupation (56).

Although gonorrhea is often shown to be concentrated in low income, minority
communities (57-59), genital chlamydial infection does not seem to demonstrate
this pattern (9,60,61). One potential reason why such a clearly delineated high-
risk or 'core' group was not identified for chlamydia in these studies is that these
two STDs are likely to be at different epidemiological stages. In other words, while
genital chlamydial infection is still widely prevalent throughout the sexually active
population, gonorrhea has become concentrated in those segments of the
population that have low or no access to well-established prevention and
treatment programs for gonorrhea (62). The distribution of an STD in a population
is also influenced by the various combinations of sexual, health care and provider
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behaviours (51). For example, gonorrhea is often more prevalent in low-income,
minority communities than higher-income, white communities (63,64). Because it
is generally recommended that people with gonorrhea and their partners also be
treated for chlamydia (47,65), the rate of chlamydial infection in some low-SES
minority communities may be lower than expected because of frequent exposure
to dual antibiotic treatment (60). Race and SES may also be markers for health
care seeking behaviours. Poor, uninsured, minority patients may be less likely to
seek medical care or to seek care later than their more affluent, insured,
nonminority counterparts (66). For instance, women of higher SES may be more
likely to have routine examinations, and thus, the detection of asymptomatic cases
in this group may bias reporting of chlamydia upward. Nevertheless, after the
establishment of coordinated screening, surveillance and health education for
chlamydia, this STD, in time, may become more concentrated within core groups
where access to STD services is limited. This pattern has already been observed
in areas where chlamydia control programs have been introduced (61,67). In fact,
race is shown to be an important risk factor in most studies published after 1994,
including three studies in which a chlamydia control program was well-established
(24,68,69). Further evidence of the potential for such core groups is given in three
studies that demonstrated that nonwhite men and women were significantly more
likely to have recurrent chlamydial infections than white study subjects (9-11).

Three methodological issues should be mentioned. First, a number of studies that
did not demonstrate a significant relationship between racial group and chlamydia
had samples that were either predominantly white or predominantly black
(32,50,70-74), and a small proportion of subjects with the exposure of interest
make it difficult to detect differences among groups. Second, some studies may
be affected by a diagnostic bias. For example, if providers are more likely to
screen for and report cases of chlamydia in nonwhites, these cases may be
systematically over-represented in the study (12). Third, definitions of race may
not be clear, especially for those individuals of mixed parentage, which may result
in misreporting of this potential risk factor or inconsistencies between studies (75).

In general, although SES does not seem to be a salient risk factor for chlamydia
at this point in time, a person's racial or ethnic group has become a more
important risk factor in the past few years. Although race should not necessarily
be used as a screening criterion, it may be a marker for other underlying
problems, including sexual and health care seeking behaviours or SES (75,76). A
deeper understanding of the relationship between SES and race and/or ethnicity
is required. Race is a characteristic that is not modifiable, but it does present an
opportunity for improving primary prevention in communities where this is an
important factor, such as through culturally sensitive education programs.

Number and type of partners
Multiple partnerships may increase the likelihood of encountering a sexually
transmitted pathogen through the increased probability of choosing a partner with
infection, while having new or casual sexual contacts may be related to increased
risk because of a reduced familiarity between partners (21).

Munk et al (77) used polymerase chain reaction to detect C trachomatis in 525
women who were randomly selected from a population-based cohort. Women who
reported having five to nine partners in their lifetime were almost five times more
likely to have genital chlamydia than women who reported four or fewer lifetime
sexual partners (OR 4.8, 95% CI 1.8 to 12.7). However, women who reported 10
or more lifetime sexual partners had a reduced risk of having chlamydia (OR 2.8,
95% CI 0.9 to 8.8). The authors suggested that women with multiple sex partners
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acquire immunity against chlamydial infection from repeated exposure, although
this immunity may be strain-specific or short-lived. Van Duynhoven et al (25)
documented a similar pattern for women at an STD clinic in the Netherlands, while
McCormack et al (33) found that the risk of being seropositive for C trachomatis
antibodies increases with greater numbers of lifetime sex partners for women.
Hook et al (78) also found that, for both men and women, those reporting the
highest number of lifetime partners (30 or more) had a lower proportion of
chlamydia diagnoses than those reporting fewer partners. This trend was not
documented in several other studies because the number of lifetime partners was
measured as a dichotomous variable (32,35,74,79). The number of partners in
the past year may also be an important risk factor for infection in women, because
10 of 14 studies found a positive correlation between multiple partners and
infection in either single factor or multivariate analysis.

However, the relationship between the number of recent partners (in the past one,
two, three or six months), type of sex partners (new, casual or regular) and
genital chlamydia is not consistent across the studies for males or females. This
may be partly explained by using the classic model for the transmission of STDs,
which defines the reproductive rate (R0), or the mean number of new infections
generated by an infected person over the lifetime of his or her infection, as a
product of the probability of transmission from an infected to uninfected person
(β), the rate of sex partner change (c), and the average duration of infectivity (D)
(3,62,80).

R0 = βcD

Because chlamydia is frequently asymptomatic or only mildly symptomatic, it often
goes untreated. The duration of infectivity is therefore often long, and the rate of
partner change can remain low for the disease to be sustained in a given
population (80). With the implementation of control programs, more asymptomatic
cases are treated, causing the duration of infectivity to decrease, and therefore,
the rate of partner change must increase correspondingly to maintain the STD in
the population (62). As a result, the STD becomes concentrated in the small
proportion of the population that is characterized by high rates of new partner
acquisition or the 'core' group (61,80). As with race and SES, as chlamydia
control programs become more widely established, there will likely be an increase
in the importance of the number and type of partners in determining risk of genital
chlamydial infection. This pattern has been demonstrated in areas where
chlamydia control programs have been in place for a year or more. In all five
studies set in populations with well-established screening programs, reporting
recent multiple partnerships was significantly associated with a 1.2 to 2.2-fold
increase in risk in multivariate analysis (24,68,69,81,82). In three of those
studies, reporting having a new partner was significant before adjusting for other
variables (68,81,82), and in Mosure et al's (69) study, published in 1996, this
variable was significant in multivariate analysis (OR 1.7, 95% CI 1.5 to 1.9).

Another possible explanation for those inconsistencies may be that the
relationship between the number and type of partners and chlamydial infection
may be offset by other behaviours. For instance, in the 1991 United States
National Survey of Men, men who reported having multiple partners and one-
night stands were significantly more likely to report using condoms than men who
did not report these behaviours (41,83). There are also methodological reasons
for the inconsistency between reported number and type of partners, and
chlamydial infection. First, the time frame of the question may bias the observed
relationships. Because of the high proportion of asymptomatic cases and the
relatively long incubation period for symptomatic cases (seven to 21 days)
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(84,85), cases that are detected are less likely to be newly acquired
(25,55,61,78). Therefore, reporting new or casual partners in the past one to
three months may be a less relevant risk behaviour because the most recent
partner(s) may not be the source of the infection. Second, the results may be
biased because these behaviours are self-reported. It is possible that men over-
report the number of sexual partners while women under-report in effort to
provide more socially desirable responses (86). As well, the classification of a
sexual relationship by its partners may be discordant (78). Differential
misclassification may over- or underestimate the association between the
exposure and outcome. Third, information on the number and type of partners
does not tell whether partners are concurrent or sequential, or commercial or
private, the frequency of sex, the sexual practices that are engaged in, or the type
of contraceptive that is employed, all of which are factors that can influence a
person's risk of infection (21).

Contraceptive use
The relationship between the use of condoms and other barrier contraceptives
(diaphragm or cervical cap), and genital chlamydial infection is inconsistent across
the studies. Use of a barrier method was shown to be associated with reduced
risk of infection compared with the use of other methods of contraception in two of
five studies in females (33,54,70,71,87). Compared with no contraceptives, use
of a barrier method was protective against chlamydia for females in three of five
studies (32,69,81,88,89). Only one of 10 studies found female barrier users to be
significantly less likely to be infected than female nonusers (37,55,79,90-96).
Although these studies did not consider consistency of use, when this factor is
accounted for, the results are similar. Consistent users of barrier contraceptives
were not shown to have a significantly reduced risk of infection compared with
inconsistent users in multivariate analysis in six studies in women and one study
in men (25,34,35,72,82,97). Han et al (24) found that unprotected sex in the past
three months was associated with almost twice the risk of having chlamydia
compared with not having unprotected sex for two of four samples from New York
family planning clinics. Prins et al (98) did not find a significant relationship
between chlamydial infection and the estimated number of unprotected sexual
encounters with commercial or private partners for men or women. Using a
condom at the last sexual encounter was not significantly associated with
decreased risk of infection for female adolescents in Oh et al's study (99), but it
was protective for adolescent males in the study by Marrazzo et al (36).

There are three possible reasons for these inconsistencies. First, individuals may
have become infected before barrier use and started to use barriers after their
symptoms appeared. Second, individuals may over-report barrier contraceptive
use. Third, it is unclear how best to measure consistent and correct barrier use
(100). Some studies established a time frame for use (eg, past three months, last
sexual encounter), while others measured 'current' use of barriers. However,
despite these weak results, this risk factor is modifiable, and consistent use of
barrier contraceptives, especially condoms, should be encouraged.

Use of oral contraceptive pills (OCP) is thought to increase the risk of chlamydial
infection by inducing ectopy, making more cervical epithelial cells susceptible to
infection. Alternatively, ectopy induced by OCP may make sampling more efficient
and thus improve detection of C trachomatis by culture (77,101,102). Users of
OCP may also be less likely to use barrier contraceptives. OCP users tend to
have higher prevalences of infection compared with nonusers, but this association
is not significant after adjusting for other variables in the majority of studies
reviewed (24,32,33,51,55,56,72,81,87,90-92,94,95,103,104). Only two studies
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found that oral contraceptive users were significantly more likely to have
chlamydia than nonusers after controlling for other risk factors (69,79), while
Mosure et al (89) found that OCP users had a 20% decreased risk of being
infected with chlamydia compared with females who did not use any method of
contraception. Therefore, the relationship between OCP use and chlamydial
infection is not clear. Harrison et al (32) suggested that cervical ectopy is a better
predictor of infection. In their study, cervical ectopy was correlated significantly
with use of OCP, while chlamydial infection was related strongly to ectopy,
regardless of contraceptive practice. However, while eight of 10 studies examining
this risk factor found that women with cervical ectopy were more likely to be
infected with C trachomatis (32,55,70,72,81,94,96,103), only two of those studies
showed this relationship to be significant after adjusting for other variables
(55,94).

Evans et al (92) found that the use of an intrauterine device (IUD) was protective
compared with nonuse (relative risk 0.4, 95% CI 0.2 to 0.9). The authors
hypothesized that the IUD may enhance local immune function or may accelerate
the development of squamous cells in the cervical epithelium, which discourages
infection by C trachomatis. However, no significant difference was found for IUD
use compared with the use of other methods in two studies (33,79) or for IUD use
compared with nonuse in three studies (1,96,96).

Age at first intercourse
Age at first intercourse may be causally related to sexually transmitted infections
through the biological mechanisms affecting adolescents that were discussed
earlier (16). It may also be an indicator of other aspects of sexual activity that will
directly increase risk, including multiple partnerships and the recruitment of
nonregular partners (44,105,106). Four of seven studies that looked at this risk
factor found a higher risk of infection in women who had early age of sexual debut
in single factor analysis, but none of these studies demonstrated a significant
relationship in multivariate analysis. Karam et al (74) found no relationship
between age at first intercourse and chlamydial infection in men; however, the
sample size of 85 males may have been too small to detect statistically significant
differences between groups. There is some evidence that age at sexual debut
may be modifiable (107), but it may be equally important to examine the causes of
early age at sexual debut and its determinants, such as sexual abuse, to establish
the best point of intervention.

Other risk factors
A number of other risk factors have been identified (through multivariate analysis)
to be associated with genital chlamydial infection. Chlamydia rates tend to be
highest in men and women who are single, although only three studies identified
marital status as a significant risk factor in multivariate analysis (52,55,90). The
effect of marital status is mediated largely through its impact on number of
partners (105,108,109). Current pregnancy was associated with a 1.4- to 1.8-fold
risk of being infected in three studies (50,88,89); not only does it indicate
inconsistent or nonuse of contraceptives, this relationship has also been attributed
to increased hormonal levels and lower immunity during pregnancy (77).
However, the results for a history of pregnancy were mixed - two studies found
that nulliparity was protective against infection (35,51), and two found it to be
associated with an increased risk of the infection (55,77), while Addiss et al (87)
found that women with one child or no children were at five times greater risk for
chlamydia than women with two or more children. This may be due to involuntary
infertility following 'silent' chlamydial PID. Suspected exposure to chlamydia
(24,51,52,91,110) or having a symptomatic partner (32,35,71) is associated with
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an increase in risk of the infection in a number of studies, which highlights that, as
chlamydia becomes more concentrated in core groups, contact tracing will
become an increasingly important control strategy.

IMPLICATIONS FOR FUTURE STUDIES

There are several methodological issues that should be considered when
designing further studies. First, the majority of studies were cross-sectional in
design, and are therefore unable to demonstrate temporality between cause and
effect. Disease and exposure status are assessed at the same time in cross-
sectional studies, whereas in cohort studies, it is possible to observe whether the
risk behaviour of interest preceded the infection. It should be noted, however, that
the results found in the prospective cohort studies were similar to those observed
in the cross-sectional studies. Second, sexual behaviours were self-reported in all
studies, and therefore, may be affected by recall bias and/or a social desirability
bias, which is a common issue in STD research (111). Third, the sources of study
subjects differed for these studies. While most studies were based in family
planning clinics, many of the studies reviewed were conducted in STD clinics.
STD clinic populations are fairly homogeneous, often reporting higher numbers of
partners and lower SES than the general population (112,113). Therefore, these
populations may not be representative of the general population. However, there
were no distinguishable differences in the results from STD clinics compared with
the various study settings. Fourth, several different diagnostic tests of variable
sensitivities and specificities (85) were used to detect C trachomatis in these
studies. However, Gershman and Barrow (68) suggested that, although tests with
lower sensitivities than the gold standard of cell culture plus a nucleic acid
amplification assay may underestimate the prevalence of chlamydia in a sample,
the risk factor relationships should not be substantially affected unless the tests
were differentially sensitive according to exposure status. Fifth, we need to
establish uniform methods of measuring these risk factors. Lastly, further studies
should examine the risk factors for chlamydial infection among males. The high
level of asymptomaticity and the low levels of testing among males make them an
important reservoir for chlamydial infection.

CONCLUSION

The most useful demographic or behavioural risk factor for genital chlamydia is
age. Adolescents, and young men and women are consistently at higher risk of
being infected with chlamydia than older subjects. Chlamydia seems to be found
in a diverse group of people, and does not necessarily discriminate according to
racial or ethnic groups, or SES. Number of partners in the past year has been
found to be positively correlated with chlamydial infection in women in several
studies, although there has been no clear evidence that chlamydial infection is
associated with recent number of partners, type of partners, contraceptive use or
age at first intercourse.

Chlamydia is in a relatively early epidemiological stage. Like gonorrhea, as more
control programs are implemented, people with limited access 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. A number of studies reviewed in the present article have shown
that communities with well-established control programs are already
demonstrating this pattern. More studies need to be conducted as this STD
evolves through the epidemiological stages, both before and after the
implementation of such programs, to ensure that preventive and treatment
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services are reaching those people who are most likely to be infected.
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