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ABSTRACT

Introduction The risk of HIV and sexually transmitted
infections (STls) varies substantially across population
groups in Australia. We examined this disparity in HIV/STI
distribution using Gini coefficients, where scores closer to
one indicate greater disparity.

Methods We used demographic and sexual behaviour
data from the Melbourne Sexual Health Centre, between
2015 and 2018. We examined 88 642 HIV consultations,
92291 syphilis consultations, 97 473 gonorrhoea
consultations and 115845 chlamydia consultations.

We applied a machine learning-based risk assessment
tool, MySTIRisk, to determine the risk scores. Based

on individuals’ risk scores and HIV/STIs diagnoses, we
calculated the Gini coefficients for these infections for
different subgroups.

Results Overall, Gini coefficients were highest for syphilis
(0.60, 95% Cl 0.57 to 0.64) followed by HIV (0.57, 95%

Cl 0.52 to 0.62), gonorrhoea (0.38, 95% Cl 0.36 to 0.42)
and chlamydia (0.31, 95% Cl 0.28 to 0.35). Gay, bisexual
and other men who have sex with men (GBMSM) had
lower Gini coefficients compared with heterosexual men or
women; HIV (0.54 vs 0.94 vs 0.96), syphilis (0.50 vs 0.86
vs 0.93), gonorrhoea (0.24 vs 0.57 vs 0.57) and chlamydia
(0.23 vs 0.42 vs 0.40), respectively. The Gini coefficient
was lower among 25-34 years than in other age groups
for HIV (0.66 vs 0.83—0.90) and gonorrhoea (0.38 vs 0.43—
0.47). For syphilis, the oldest age group (>45 years) had a
lower Gini coefficient than 18—24 years (0.61 vs 0.70).
Conclusions Our study demonstrated that HIV/STls are
more evenly distributed among GBMSM, suggesting widely
disseminated interventions for GBMSM communities. In
contrast, interventions for heterosexual men and women
should be more targeted at individuals with higher risk
scores.

INTRODUCTION

The WHO declared the target of ending
the pandemic of sexually transmitted infec-
tions (STIs) by 2030. This is an enormous
task considering that the WHO projected
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Disparities exist in the distribution of HIV and sex-
ually transmitted infections (STIs) among different
population groups.

WHAT THIS STUDY ADDS

= Our analysis provides specific insights into the dis-
tribution of HIV and STls among different groups.
Notably, we found a higher Gini coefficient for
heterosexual men and women, highlighting a
concentrated risk, especially for HIV and syphilis.
Conversely, lower Gini coefficients for gay, bisexual
and other men who have sex with men (GBMSM)
indicate a widespread risk, particularly for chlamyd-
ia and gonorrhoea, regardless of their risk scores
among GBMSMs.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings indicate that the interventions will be
most cost-effective if they are focused on small,
high-risk groups of heterosexuals. In contrast, the
interventions for GBMSM should involve the entire
GBMSM community, particularly for chlamydia and
gonorrhoea, where risk appears to play a minimal
role in identifying those most at risk.

that in 2020 more than one million STIs
were contracted each day, leading to a total
of 374 million new infections with one of the
four curable STIs: chlamydia, gonorrhoea,
syphilis and trichomoniasis." Australia has
observed a rapid rise in the incidence of STIs
over the last decade, particularly in gay and
bisexual men.*”

In response to the rise in STIs, governments
have implemented interventions to control
these infections.® 7 A key part of imple-
menting these interventions is deciding how
best to target populations at particularly high
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risk for these infections.*'’ The effectiveness of interven-
tions for HIV/STIs depends on the distribution of these
infections within a population. If infections are wide-
spread across all risk levels, yet interventions only target
those at highest risk, these efforts may not yield desired
results. Conversely, if infections primarily affect high-risk
individuals, but interventions are distributed across all
risk groups, resources might not be used effectively.

Gini coefficients have primarily been used to measure
economic inequality in countries. More recently, however,
several studies in Canada, the UK and the USA have used
Gini coefficients to investigate the inequalities in the
geographical distribution of STIs in different locations
to facilitate geographically specific interventions.''™*
Recently, limited studies have used the Gini coefficients
to measure the disparity in the distribution of STIs by
risk'® ' and by geographical location."” Gsteiger et al'”
compared the disparity of chlamydia by risk over time
using two population datasets in the UK and reported
that the Gini coefficients for chlamydia among females
and found they had not changed over time; 0.30 (1999-
2001) and 0.33 (2010-2012)."" van Wees ¢t al'® calculated
the Gini coefficients for chlamydia, gonorrhoea and syph-
ilis among men who have sex with men (MSM) before
and after the implementation of pre-exposure prophy-
laxis (PrEP) for HIV in the Netherlands. van Wees et al
demonstrated that the Gini coefficients had increased
for chlamydia (0.37-0.43) and syphilis (0.50-0.66) after
PrEP became available, while gonorrhoea remained
stable.'® To date, however, no study has assessed the Gini
index within different risk populations in the same study
to compare different infections within different popu-
lations or used a composite measure of risk."”” ' These
studies estimated the risk of HIV/STI infections based
on only up to five risk measures.'” '® We have recently
developed machine-learning approaches to calculating a
composite risk score based on many individual risks.'**

We aimed to estimate the disparity in the distribution
of four infections (HIV, chlamydia, gonorrhoea and syph-
ilis) across different population groups (GBMSM, hetero-
sexual men and women) and different age groups using a
composite measure of risk.

METHODS

The Melbourne Sexual Health Centre (MSHC) is Austral-
ia’s largest public sexual health clinic and offers free
HIV/STI services to the general public. At MSHC, the
individuals’ demographic and sexual behavioural data
are recorded through computer-assisted self-reported
interviews at the initial visit and any subsequent visit that
is at least 3months apart. Diagnoses are recorded in the
clinic database using predetermined data fields."?

Data

We conducted a retrospective cross-sectional study using
data from the MSHC. We extracted demographic and behav-
ioural data from the medical record for individuals attending

between 2 March 2015 and 31 December 2018. The datasets
for each infection included consultations where individuals
were tested for specific infections at that consultation. The
HIV dataset included a total of 88642 consultations, the
syphilis dataset included 92291 consultations, the gonor-
rhoea dataset included 97473 consultations and the chla-
mydia dataset had 115845 consultations.*’

Estimating the risk scores of HIV/STIs

We applied a risk prediction tool, MySTIRisk, devel-
oped from a previous study to the dataset.”’ MySTIRisk
is a machine learning-based risk assessment tool that
estimates a risk score, which ranges from 0 to 1 with 1
indicating the highest risk, for each infection based on
the predictors.”” During the development of MySTIRisk,
rigorous training and testing procedures were conducted.
For the development process (training and testing) of
the tool, we used clinic consultations tested for HIV/
STIs at the MSHC between 2015 and 2018. The results
demonstrated that the tool performed at an acceptable
to excellent level, as indicated by the area under the
curve (AUC) values: HIV (0.78), syphilis (0.84), gonor-
rhoea (0.78) and chlamydia (0.70).%

To ensure the reliability and generalisability of the tool,
external validation was performed using two separate
datasets. The first external validation dataset, from 2019,
showed consistent and stable performance with AUC
values of HIV (0.79), syphilis (0.85), gonorrhoea (0.81)
and chlamydia (0.69). The second external validation
dataset, covering the years 2020-2021, also demonstrated
reliable performance with AUC values of HIV (0.71),
syphilis (0.84), gonorrhoea (0.79) and chlamydia (0.69).

The most important predictors in our models were
gender, age, country of birth, men who reported having
sex with men, presence of STI symptoms at the time of visit,
the number of casual sexual partners, condom use, the last
time of drug injection (if present), past STIs, contact with
someone diagnosed with STIs, and having sex with someone
outside Australia and New Zealand. Since infection risk
scores generated by our models were not equivalent to the
probability of infection, we calibrated and fitted the data
using a logistic function to provide the prevalence for each
infection for the clients. MSHC is working on deploying the
MySTIRisk tool as a public-facing web app?' that will allow
people to determine their risks and encourage early STI
testing and diagnosis. We use the infection risk scores in the
study to calculate Gini coefficients.

Estimating Gini coefficients

Based on the above risk scores, we used Lorenz curves to
plot the cumulative proportion of HIV/STIs as a func-
tion of the cumulative proportion of the clinic consul-
tations ranked from lowest to highest risk scores that we
generated from MySTIRisk. By definition, the Gini coeffi-
cientis a single number that measures the disparity of the
distribution of HIV/STIs. The coefficient is calculated
as the area beneath the line of perfect equality minus
the area beneath the Lorenz curve, divided by the area
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beneath the line of perfect equality.** A Gini coefficient
of 0 indicates perfect equality, with a homogeneous distri-
bution of HIV/STIs over the infection risk scores of the
population. In contrast, Gini coefficients closer to 1 indi-
cate that STI diagnoses are concentrated in parts of the
population with higher infection risk scores.

We computed Lorenz curves and estimated Gini coeffi-
cients along with their 95% bootstrap CIs for HIV, syphilis,
gonorrhoea and chlamydia infections for each risk group
(heterosexual men, women and GBMSM). The bootstrap
method, a resampling technique where each sample is
generated through random selection with replacement
from the original dataset, was employed to account for vari-
ability and provide robustness in the estimation of Gini coef-
ficients." ' We calculated the 2.5th and 97.5th percentiles
from 5000 bootstrapped Gini coefficients to form the 95%
bootstrap Cls. This methodology allowed us to ascertain
the precision of our estimates and understand the distribu-
tion of these infections across different risk groups. We also
conducted similar Gini coefficient analyses for various age
groups (18-24 years, 25-34 years, 35—44 years, and 45 years
and above) and compared the corresponding Gini coeffi-
cients and the positivity percentages across different subsets
of the population.

We conducted these analyses using MATLAB R2022a.

Patient and public involvement

Given the retrospective nature of this study, patients and
the public were not directly involved in research design,
recruitment or conduct. However, the findings, particu-
larly regarding the disparity of HIV/STIs as measured
by Gini coefficients, contribute to the understanding
of infection distribution, potentially informing public
health policies and interventions. The results will be
disseminated through academic publication, thereby
contributing to the wider body of knowledge in the field.

RESULTS

Demographic characteristics of study participants

For each of the four infections, gay, bisexual and other
men who have sex with men (GBMSM) accounted for
the majority (43%-52%) of the clinic consultations,
followed by women (29%-33%) and heterosexual men
(16%—-23%) (table 1). Younger age groups (18-34 years)
accounted for over 70% of clinic consultations. More
than 55% of consultations were from individuals born
overseas, and the remaining were born in Australia and
New Zealand. The sexual risk predictors for each of the
four infections are displayed in table 1.

Infection positivity in study participants

As shown in table 2, the positivity (the positive percentage of
the HIV/STI diagnosis) for chlamydia was 8.82% (95% CI
8.66% to 8.98%), for gonorrhoea was 7.78% (95% CI 7.61%
to 7.95%), for syphilis was 1.94% (95% CI 1.85% to 2.03%)
and HIV was 0.24% (95% CI 0.21% to 0.28%). The positivity
was highest among GBMSM for all four infections, while
women had the lowest positivity across all HIV/STIs.

The risk scores among STI-positive participants

Among STI-positive participants, the median risk scores
and IQRs were 0.76 (0.48-0.88) for the syphilis dataset,
0.66 (0.54-0.77) for the gonorrhoea dataset and 0.56
(0.44-0.68) for the chlamydia dataset (see figure 1).

Gini coefficients for HIV/STIs, in all participants

The Lorenz curves for HIV, syphilis, gonorrhoea and
chlamydia infections are shown in figure 2. The chla-
mydia curve was closest to the diagonal line, indicating
that chlamydia diagnoses were more homogeneously
distributed over the population regardless of their risk
scores. In contrast, the syphilis curve was furthest away
from the diagonal line, indicating that syphilis diagnoses
were strongly associated with the individuals with higher
risk scores. The Gini coefficients were lower for chla-
mydia (0.31, 95% CI 0.28 to 0.35) and gonorrhoea (0.38,
95% CI 0.36 to 0.42) and higher for HIV (0.57, 95% CI
0.52 to 0.62) and syphilis (0.60, 95% CI 0.57 to 0.64).

Gini coefficients for HIV/STIs, by sexual orientation and age
groups

Table 3 and figure 3 show the Gini coefficients in GBMSM,
heterosexual men and women. The Gini coefficients for
each infection were lowest for GBMSM, indicating that
each infection was more homogeneously distributed in
GBMSM populations than heterosexual men or women.
This difference in Gini coefficients between GBMSM and
heterosexual men or women was more pronounced for
HIV and syphilis than for gonorrhoea or chlamydia.

The differences in Gini coefficients across all age
groups were less marked than the differences by risk
group. Those aged 25-34 had the lowest Gini coefficients
of 0.66 (95% CI 0.61 to 0.72) for HIV, 0.38 (95% CI 0.35
to 0.41) for gonorrhoea and 0.31 (95% CI 0.28 to 0.35)
for chlamydia, respectively. For syphilis, those aged 45
years and above had the lowest Gini coefficient of 0.61
(95% CI 0.56 to 0.66) (see figure 3).

DISCUSSION

We found that there were substantial differences in the
Gini coefficients across the four HIV/STIs and across the
risk groups. The highest Gini coefficients were among
heterosexual males and females for HIV or syphilis,
suggesting these infections are concentrated among
heterosexuals with higher infection risk scores. These
risk scores were calculated using our machine learning
based risk assessment tool, MySTIRisk, which considers
a variety of factors such as age, gender, country of birth,
sexual behaviour and history of previous STIs. There-
fore, a higher risk score suggests a higher probability of
acquiring HIV and STIs. In contrast, the Gini coefficients
were lower among GBMSM, particularly for chlamydia
or gonorrhoea, suggesting these infections are widely
distributed throughout the GBMSM population. The
significance of these findings is that for HIV and syph-
ilis, the interventions will be most cost-effective if they
are focused on small, high-risk groups of heterosexuals.
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Table 1 Characteristics of clinic consultations in individual datasets

Predictors

HIV (n=88642
consultations)

Syphilis (n=92291

consultations)

Gonorrhoea (n=97473
consultations)

Chlamydia (n=115845
consultations)

Age groups at consultation (years)

18-24
25-34
35-44
>44
Country of birth

Australia and New Zealand

Overseas

Missing
Population type

GBMSM

Heterosexual male

Female

22233 (25.1%)
43400 (49.0%)
14486 (16.3%)
8523 (9.6%)

39148 (44.2%)
46003 (51.9%)
3491 (3.9%)

45483 (51.3%)
16508 (18.6%)
26651 (30.1%)

Condom use with casual male partner

Always
Sometimes
Never

Not applicable
Unsure/decline
Missing

Last time injected drugs not prescribed by doctor

Never
Less than 3 months
within 3-12 months
More than 12 months
Decline/unsure
Missing

Having sex at overseas
Yes
No
Unsure
Missing

Past history of gonorrhoea

No

Yes
Unsure
Missing

18330 (20.7%)
37819 (42.7%)
5342 (6.0%)
1318 (1.5%)
3164 (3.6%)
22669 (25.6%)

83634 (94.4%)
1008 (1.1%)
372 (0.4%)
976 (1.1%)
1783 (2.0%)
869 (1.0%)

30968 (34.9%)
49436 (55.8%)
4617 (5.2%)
3621 (4.1%)

19111 (21.6%)
12559 (14.2%)
1644 (1.9%)

55328 (62.4%)

History of non-specific urethritis

No
Yes
Unsure
Missing
Past history of syphilis
No

24050 (27.1%)
857 (1.0%)
1254 (1.4%)
62481 (70.5%)

27119 (30.6%)

22747 (24.6%)
44924 (48.7%)
15346 (16.6%)
9274 (10.0%)

40990 (44.4%)
47670 (51.7%)
3631 (3.9%)

48068 (52.1%)
17089 (18.5%)
27134 (29.4%)

18825 (20.4%)
39485 (42.8%)
5638 (6.1%)
1378 (1.5%)
3540 (3.8%)
23425 (25.4%)

86658 (93.9%)
1154 (1.3%)
419 (0.5%)
1061 (1.1%)
2060 (2.2%)
939 (1.0%)

31962 (34.6%)
51496 (55.8%)
4813 (5.2%)
4020 (4.4%)

20250 (21.9%)
13715 (14.9%)
1818 (2.0%)

56508 (61.2%)

26048 (28.2%)
952 (1.0%)
1420 (1.5%)
63871 (69.2%)

28478 (30.9%)

25238 (25.9%)
47052 (48.3%)
15631 (16.0%)
9552 (9.8%)

43881 (45.0%)
49835 (51.1%)
3757 (3.9%)

50946 (52.3%)
15245 (15.6%)
31282 (32.1%)

19895 (20.4%)
43943 (45.1%)
6518 (6.7%)
1479 (1.5%)
3826 (3.9%)
21812 (22.4%)

91452 (93.8%)
1243 (1.3%)
455 (0.5%)
1089 (1.1%)
2235 (2.3%)
999 (1.0%)

32689 (33.5%)
55300 (56.7%)
5199 (5.3%)
4285 (4.4%)

22495 (23.1%)
15480 (15.9%)
1985 (2.0%)

57513 (59.0%)

28180 (28.9%)
1100 (1.1%)
1486 (1.5%)
66707 (68.4%)

32212 (33%)

31383 (27.1%)
56306 (48.6%)
17607 (15.2%)
10549 (9.1%)

51162 (44.2%)
60272 (52.0%)
4411 (3.8%)

50322 (43.4%)
26975 (23.3%)
38548 (33.3%)

20490 (17.7%)
48764 (42.1%)
7128 (6.2%)
1488 (1.3%)
4009 (3.5%)
33966 (29.3%)

109480 (94.5%)
1284 (1.1%)
486 (0.4%)
1217 (1.1%)
2342 (2.0%)
1036 (0.9%)

40917 (35.3%)
64794 (55.9%)
5552 (4.8%)
4582 (4.0%)

27349 (23.6%)
15198 (13.1%)
2128 (1.8%)

71170 (61.4%)

30627 (26.4%)
1151 (1.0%)
1594 (1.4%)
82473 (71.2%)

36846 (31.8%)

Continued
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Table 1 Continued

HIV (n=88642 Syphilis (n=92291 Gonorrhoea (n=97473 Chlamydia (n=115845
Predictors consultations) consultations) consultations) consultations)
Yes 4551 (5.1%) 5487 (5.9%) 5763 (5.9%) 5701 (4.9%)
Unsure 1644 (1.9%) 1818 (2.0%) 1985 (2.0%) 2128 (1.8%)
Missing 55328 (62.4%) 56508 (61.2%) 57513 (59%) 71170 (61.4%)

Sexual contact with someone diagnosed with gonorrhoea
No 86552 (97.6%)
2090 (2.4%)
Sexual contact with someone diagnosed with chlamydia
No 86138 (97.2%)
2504 (2.8%)
Sexual contact with someone diagnosed with syphilis
No 87813 (99.1%)
Yes 829 (0.9%)

Yes

Yes

GBMSM, gay, bisexual and other men who have sex with men.

In comparison, the interventions for GBMSM should
involve the entire GBMSM community, particularly for
chlamydia and gonorrhoea, where risk appears to play a
minimal role in identifying those most at risk.

Our study demonstrated that Gini coefficients for syph-
ilis and HIV were higher than those for chlamydia and
gonorrhoea. In particular, the finding thatsyphilis demon-
strated the highest disparity followed by gonorrhoea and
chlamydia is consistent with another study conducted
in the Netherlands.'® Specifically, higher Gini coeffi-
cients indicate that infections are more concentrated in

89992 (97.5%)
2299 (2.5%)

89628 (97.1%)
2663 (2.9%)

91287 (98.9%)
1004 (1.1%)

94662 (97.1%)
2811 (2.9%)

113074 (97.6%)
2771 (2.4%)

96502 (99.0%)
971 (1.0%)

111353 (96.1%)
4492 (3.9%)

96502 (99.0%)
971 (1.0%)

114867 (99.2%)
978 (0.8%)

a smaller group of individuals with higher risk scores.
This finding implies that more targeted interventions
are necessary for HIV and syphilis infection, while more
widespread programmes would be suitable for chlamydia
and gonorrhoea. Higher Gini coefficients among HIV
and syphilis may be explained by the known fact that
those infections are more concentrated among certain
subpopulations such as men who have sex with men, and
sex workers leading to a higher degree of inequality in
terms of disease prevalence.” ™ It means that a relatively
small proportion of people disproportionately affected

Table 2 Positivity (the positive percentage of the HIV/STI diagnoses) with corresponding 95% CI per total consultations

HIV Syphilis Gonorrhoea Chlamydia
All 213/88 642 1790/92 291 7583/97 473 10218/115 845
0.2% (0.2% to 0.3%) 1.9% (1.9% t0 2.0%) 7.8% (7.6% to 8.0%) 8.8% (8.7% to 9.0%)
Risk groups
GBMSM 196/45 483 1553/48 068 6598/50 946 5470/50 322
0.4% (0.4% to 0.5%) 3.2% (3.1% 10 3.4%) 13% (12.7% to 13.2%) 10.9% (10.6% to 11.1%)
Heterosexual male 11/16 508 144/17 089 355/15 245 2236/26 975
0.1% (0.0% to 0.1%) 0.8% (0.7% to 1.0%) 2.3% (2.1% to 2.6%) 8.3% (8.0% to 8.6%)
Female 9/26 651 90/27 134 629/31 282 2513/38 548
0.0% (0.0% to 0.1%) 0.3% (0.3% t0 0.4%) 2.0% (1.9% to 2.2%) 6.5% (6.2% to 6.8%)
Age groups
18-24 years 40/22 233 275/22 747 1880/25 238 3251/31 383
0.2% (0.1% to 0.2%) 1.2% (1.1% to 1.4%) 7.5% (7.2% to 7.8%) 10.4% (10.0% to 10.7%)
25-34 years 117/43 400 840/44 924 3891/47 052 5113/56 306
0.3% (0.2% to 0.3%) 1.9% (1.8% t0 2.0%) 8.3% (8.0% to 8.5%) 9.1% (8.9% to 9.3%)
35-44 years 39/14 486 388/15 346 1171/15 631 1148/17 607

45 and above

0.3% (0.2% to 0.4%)

20/8523
0.2% (0.1% to 0.4%)

2.5% (2.3% to 2.8%)

282/9274
3.0% (2.7% to 3.4%)

7.5% (7.1% to 7.9%)

639/9552
6.7% (6.2% to 7.2%)

GBMSM, gay, bisexual and other men who have sex with men; STI, sexually transmitted infection.

6.5% (6.2% to 6.9%)

704/10 549
6.7% (6.2% to 7.2%)
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sexually transmitted infection.

by syphilis and HIV, can lead to higher Gini coefficients
than more evenly distributed STIs such as gonorrhoea
and chlamydia. Additionally, HIV and syphilis are more
severe and chronic conditions with a social and cultural
stigma attached to them, which can prevent the infected
individuals from seeking the testing and treatment and
may potentially lead to higher Gini coefficients.?*

In another study, Gsteiger et al’® used population data
in the UK to calculate the Gini coefficients to measure
the distribution of chlamydia. The authors compared
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CT, chlamydia; NG, gonorrhoea; STls, sexually transmitted
infections.
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Risk scores’ distribution for STI-positive versus STI-negative consultations. ANOVA, analysis of variance; STI,

the Gini coefficients for STIs for two survey periods of
Natsal-2 (1999-2001) and Natsal-3 (2010-2012) and
found similar results for chlamydia with 0.30 (95% CI
0.12 to 0.50) in Natsal-2 and 0.33 (95% CI 0.18 to 0.49)
in Natsal-3 among females. However, our study has a
slightly higher Gini coefficient of 0.40 (95% CI 0.35 to
0.45) in women with chlamydia. First, the difference in
study population could have contributed to the discrep-
ancy. The Natsal studies employed general population
data, whereas our study focused on data from a sexual
health clinic. It is well known that individuals attending
such clinics may have a higher risk profile for STIs than
individuals from the community which can consequently
influence the Gini coefficient. Second, our definition of
the exposure variable differed from the Natsal studies.
The latter used a single risk factor—the number of new
opposite-sex partners in the previous year—while we
adopted a broader approach. By employing machine-
learning algorithms, we generated a composite risk
score encompassing multiple exposure variables. This
more comprehensive risk assessment likely impacted our
Gini coefficient. Lastly, unlike the Natsal studies, which
focused solely on heterosexual females, we included
heterosexual, bisexual and women who have sex with
women (WSW). Similarly, it is important to note that the
Natsal studies provided limited analysis on subgroups for
different age groups and population groups as it only
included the opposite-sex contacts for sexual behaviour
variables population because of a limited proportion of
individuals having same-sex partner in the dataset.

Our finding that the Gini coefficients were significantly
lower in GBMSM is consistent with a previous study.'® van
Wees et al'® developed a risk score calculator using multivari-
able logistic regression for HIV/STIs and used this to calcu-
late the Gini coefficients for chlamydia, gonorrhoea and
syphilis during the period before PrEP (2009 to mid-2015)
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Table 3 Gini coefficients with 95% bootstrap Cls for HIV, syphilis, gonorrhoea and chlamydia across different risk and age

groups
HIV Syphilis Gonorrhoea Chlamydia
Overall 0.57 (0.52 to 0.62) 0.60 (0.57 to 0.64) 0.38 (0.36 to 0.42) 0.31 (0.28 to 0.35)
Risk groups
GBMSM 0.54 (0.49 to 0.59) 0.50 (0.46 to 0.53) 0.24 (0.23 to 0.26) 0.23 (0.21 to 0.25)

Heterosexual male

0.94 (0.90 to 0.97)

0.86 (0.81 to 0.90)

0.57 (0.53 to 0.62)

0.42 (0.39 to 0.46)

Female 0.96 (0.92 to 0.98) 0.93 (0.89 to 0.96) 0.57 (0.49 to 0.70) 0.40 (0.35 to 0.45)
Age groups

18-24 years 0.83 (0.78 to 0.88) 0.70 (0.65 to 0.75) 0.44 (0.41 to 0.48) 0.33 (0.30 to 0.37)

25-34 years 0.66 (0.61 to 0.72) 0.62 (0.58 to 0.67) 0.38 (0.35 to 0.41) 0.31 (0.28 to 0.35)

35-44 years 0.87 (0.82 to 0.91) 0.65 (0.61 to 0.70) 0.43 (0.40 to 0.47) 0.39 (0.36 to 0.42)

45 and above 0.90 (0.85 to 0.94) 0.61 (0.56 to 0.66) 0.47 (0.44 to 0.52) 0.47 (0.43 to 0.57)

GBMSM, gay, bisexual and other men who have sex with men.

and after PrEP (mid-2015 to 2019) was introduced. This
study examined the distribution of STIs among HIV-
negative MSM in Amsterdam Cohort Studies and found a
similar pattern to our study, but with a slightly higher Gini
coefficients for gonorrhoea (0.46) and chlamydia (0.43)
and lower Gini coefficient for syphilis (0.50). These higher
Gini coefficients for chlamydia and gonorrhoea in the Neth-
erlands study may be explained by the lower positivity of
chlamydia and gonorrhoea in their dataset compared with
our study (4.6% vs 8.8% for chlamydia and 5.1% vs 7.8% for
gonorrhoea). However, the Gini coefficient for syphilis was
lower in the Netherlands study despite the lower positivity
(0.7% vs 1.9%). This variation may partly be explained by the
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difference in sampling frame as the study only included HIV-
negative MSM while our study included all GBMSM, regard-
less of the HIV status and the difference in the nature of risk
prediction tools in calculating infection risk scores. While
direct comparisons are not currently available, variations in
healthcare systems, sexual health education and societal atti-
tudes towards GBMSM populations between different coun-
tries such as the Netherlands and Australia could potentially
lead to differences in the distribution of STIs such as syphilis.
Further research is required to confirm this.

Based on our findings, we propose the need for both
targeted and widespread intervention strategies for
the control of HIV/STIs. For HIV and syphilis, which

@ Syphilis (by Risk Group) @ Syphilis (by Age Group)
8 s g ! s
5 Overall: 0.60 [0.57 - 0.64] s 5 18-24: 0.70 [0.65 - 0.75] s
8 © MSM:  0.50 [0.46 - 0.53] 7 8 v 25-34: 0.62 [0.58 - 0.67] 4 I:
E 08} ———Male: 086[0.81-090] , Z 08} -~ —3544:065[061-070) , i
= ~ — —Female: 0.93 [0.89 - 0.96]/ z —~ = =>45: 0.61[0.56-0.66] / E
a 7 a v P
(/>f l/>f // i
508 508 L P
s oE

5 5 /
5 5 /
So4 S o4 ,
g 2 /
o o s P
202 202 7 /o
£ £

7 Sy
g e | Sl
O o O o -

0 0 0.2 0.4 0.6 0.8 1

Chlamydia (by Risk Group) Chlamydia (by Age Group)

Overall: 0.31 [0.28 - 0.35] . 18-24: 0.33[0.30 - 0.37] s
MSM: 023[021-025] 7 1 2534:031[028-0085 /[
08} ———Male: 042[039-046] ,7 </ 08} ———3544:039[036-042] 7

= = —Female: 0.40 [0.35704§]/ Y/ = = =>45: 047([043-0 57]//
Ry44

Cumulative proportion of Chlamydia diagnosis
Cumulative proportion of Chlamydia diagnosis

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Cumulative proportion of visits Cumulative proportion of visits
(from lowest to highest risk scores) (from lowest to highest risk scores)

Figure 3 Lorenz curves showing the cumulative proportion of STl diagnoses among patients who visited the MSHC as a
function of the cumulative proportion of all visits from lowest to highest risk score. In the figure, the diagonal line (black dash
line) denotes perfect equality, which means an equal dispersion of the infection across the population. Note: MSM, male and
female refer to GBMSM, heterosexual men and women, respectively. GBMSM, gay, bisexual and other men who have sex with
men; MSM, men who have sex with men; MSHC, Melbourne Sexual Health Centre.
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show a high degree of concentration in individuals with
higher risk scores, targeted interventions are essen-
tial. Such interventions can be integrated into existing
services and may include initiatives focused on testing,
treatment adherence and education about safe sex prac-
tices. For chlamydia and gonorrhoea, which have a more
widespread distribution across the population, broader
public health strategies are needed. These could include
regular STI screening programmes, public awareness
campaigns and improving access to treatment, which
can be integrated into general healthcare services. The
strategic integration of these interventions into existing
public health programmes and policies could contribute
significantly to the control of HIV/STIs.

To our knowledge, this is the first research from
Australia to examine the distribution of four STIs across
different risk populations (GBMSM, heterosexual men
and women) and different age groups. The main strength
of the study is the use of a composite risk score that was
only available because of the extensive data on sexual
risk from attendees at MSHC. This composite score was
generated using a machine learning approach® and is
likely to be a better representation of overall risk than a
single epidemiological measure.

This study has several limitations. First, the predictive
criteria are based on the clients' self-reported informa-
tion, which is subject to recall, non-response and social-
desirability biases. However, there is no other way to
collect risk information and we have previously shown
that the self-interview method which we used is the least
influenced by social-desirability bias.* Second, the data-
sets only included MSHC clients, who are at higher risk
than the general population that includes lower-risk indi-
viduals. This may lead to an underestimate of the Gini
index because our dataset likely underrepresents the
lower-risk individuals. While our focus was on the dispar-
ities within the clinic population, we acknowledge that
this may limit the generalisability of our findings to other
populations or settings. Therefore, it is important for
policymakers and public health officials to consider these
limitations when applying our findings to their respective
contexts. Caution must be applied when extrapolating
these results to broader contexts, as different popula-
tions may present unique risk profiles. Further studies in
diverse settings are necessary to validate and extend our
findings. Third, our unit of analysis was client consulta-
tions, not individual clients. This means our study reflects
the number of consultations rather than the number of
unique individuals. This approach could potentially over-
represent individuals who had multiple consultations,
thereby skewing the positivity rates of STIs and creating
potential bias in estimating Gini coefficients. Neverthe-
less, given our large sample size and our focus on internal
population disparities, we believe this approach’s impact
on our findings is minimal. Fourth, we only used data
from 2015 to 2018 because in 2015 we moved from culture
to nucleic acid amplification testing for gonorrhoea™
and this period was too brief to identify a changing trend

in HIV/STIs in Australia. Fifth, although our dataset was
large enough for machine learning training and testing,
the number of HIV and syphilis-positive cases was notably
low, which may affect MySTIRisk prediction risk scores
and Gini coefficients. Sixth, as the PrEP uptake status was
not included as a predictor, we were unable to examine
the changes in Gini coefficients before and after PrEP
utilisation. Seventh, for gonorrhoea and syphilis, we did
notinclude the anatomical site of infection as a predictor,
for which we could notidentify the distributions of STTs at
different anatomical sites. Looking forward, we propose
several directions for future research that could address
our study’s limitations and enrich our understanding
of HIV/STI disparities. Longitudinal studies are crucial
for capturing shifts in HIV/STI distribution over time
and evaluating the impact of interventions like PrEP.
Additionally, exploring STI distribution across various
anatomical sites could offer insights for targeted preven-
tion strategies.

While our current study explores disparities in the
distribution of HIV/STIs, we have not distinguished
between high-risk and low-risk individuals based on
explicit thresholds; a more nuanced approach is planned
for future research. In anticipation of these future inves-
tigations, we intend to define these thresholds and risk
subgroups, balancing factors such as disease burden,
healthcare capacity and government funding. Therefore,
the objective of our ongoing research is to refine our
existing findings, thereby guiding the development of
HIV/STIs intervention strategies and policy.

In conclusion, our study demonstrates that disparities
exist in the distribution of HIV/STIs among different
population groups, with implications for policy and
interventions. The higher concentration of HIV and
syphilis among heterosexual men and women indicates
the need to identify and target high-risk subsets with
focused testing and treatment. In contrast, the wide-
spread distribution of chlamydia and gonorrhoea among
GBMSM reinforces implementing broader screening and
prevention. Estimating Gini coefficients enables tailored,
data-driven approaches to early HIV/STI testing and
treatment for those most affected. Our findings highlight
the potential of Gini coefficients to inform resource allo-
cation and policies aimed at HIV/STI control through
precision public health strategies.
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