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Abstract

Background: Men who have sex with men (MSM) who have bacterial sexually transmitted 

infections (STIs) are at increased risk for HIV infection. We enhanced and updated past summary 

risk estimates.

Methods: We systematically reviewed (PROSPERO #CRD42018084299) peer-reviewed studies 

assessing increased risk of HIV infection among MSM attributable to: Chlamydia trachomatis 
(CT), Mycoplasma genitalium (MG), Neisseria gonorrhoeae (NG), Treponema pallidum (TP), 

and/or Trichomonas vaginalis (TV). We searched three databases through December 2017. We 

excluded studies with self-reported data or simultaneous STI and HIV assessment. We conducted 

dual screening and data extraction, meta-analytically pooled risk ratios (RR), and assessed 

potential risk of bias.
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Results: We included 26 studies yielding k=39 RR for HIV acquisition due to one of TP, NG, 

or CT. We did not identify eligible data for MG or TV nor for HIV transmission. HIV acquisition 

risk increased among MSM infected with TP (k=21, RR 2.68, 95% CI 2.00–3.58), NG (k=11, 

RR 2.38, 95% CI 1.56–3.61), and CT (k=7, RR 1.99, 95% CI 1.59–2.48). Sub-analysis RR for 

all three pathogens were >= 1.66 and remained statistically significant across geography and 

methodological characteristics. Pooled RR increased for data with the lowest risk of bias for NG 

(k=3, RR 5.49, 95% CI 1.11–27.05) and TP (k=4, RR 4.32, 95% CI 2.20–8.51). We observed 

mostly moderate to high heterogeneity and moderate to high risk of bias.

Conclusion: MSM infected with TP, NG, or CT have twice or greater risk of HIV acquisition, 

although uncertainties exist due to data heterogeneity and risk of bias.

SUMMARY

This review highlights the temporal relationship between STI and HIV for MSM. Results indicate 

that MSM infected with TP, NG, or CT have twice or greater risk of HIV acquisition.
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INTRODUCTION

With an estimated 357 million new cases of Chlamydia trachomatis, Neisseria gonorrhea, 

syphilis, and Trichomonas vaginalis annually, the global burden of sexually transmitted 

infections (STIs) is rising [1]. This burden is disproportionately high among men who have 

sex with men (MSM). For instance, MSM in the United States comprised 68.2% of reported 

syphilis cases and 38.5% of reported gonorrhea cases in 2017; an estimated 13.3–25% of 

MSM are infected with at least one bacterial STI [2–5].

As early as 1992, studies reported increased risk of HIV transmission and acquisition in the 

presence of STIs [6–13]. Mechanisms include ulcers that facilitate HIV entry, a localized 

immune response involving CD4 cell proliferation, and increased HIV shedding [14–15].

Rationale for systematic review

Several systematic reviews have examined the effect of STIs on HIV risk in MSM 

and heterosexuals. However, there is unexplained variation in the magnitude of effects 

[8,14,16,17]. This may reflect differing eligibility criteria and including studies that assess 

HIV and STI concurrently, where the temporality of STI and HIV diagnoses is unknown 

[18–20]. Advances in diagnosis, prevention (e.g., pre-exposure prophylaxis, PrEP), and 

treatment can also influence effect size [21–22].

Accurate and up-to-date estimates of STI-related HIV infection risk support mathematical 

modeling of HIV prevention strategy benefits. The modifiable risk of HIV attributed to STIs 

bears on implementation of PrEP and other strategies. This paper provides unprecedented 

attention to the temporal relationship between STI and HIV diagnoses in our analysis of this 

effect.
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MATERIALS & METHODS

This MSM-focused manuscript stems from a parent systematic review on the effect of six 

STI pathogens (Chlamydia trachomatis, Herpes Simplex Virus type 2 (HSV-2), Mycoplasma 
genitalium, Neisseria gonorrhoeae, Treponema pallidum, Trichomonas vaginalis) on HIV 

acquisition and transmission among high-risk populations.

We followed Cochrane Collaboration recommendations [23], registered our protocol in 

the PROSPERO database (CRD42018084299)[24–25], used the Population, Exposure, 

Comparator, Outcomes (PECO) schema for study screening and data extraction, followed 

Grading of Recommendations Assessment, Development and Evaluation Guideline 

(GRADE) methods to assess risk of bias at the PECO level [26] and used Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for 

reporting [27].

Searches and screening

We developed search strategies and searched PubMed in December 2017 and Web of 

Science and Embase in January 2018. Two authors conducted dual, independent screening 

of studies; 5% of excluded records were reviewed by other authors for quality assurance. 

[Appendices A–C].

Study eligibility

We included peer-reviewed studies comparing STI-infected and STI-uninfected MSM on 

the risk of HIV acquisition (HIV-susceptible partner had STI) or transmission (HIV-infected 

partner had STI). We included men who have sex with men, men who have sex with men 

and women, and transgender women, as defined by studies.

We included data where we could establish that STI assessment occurred prior to HIV 

diagnosis. We excluded studies using self-reported data, where the timing of STI and HIV 

assessment was two or more years apart, and where diagnosis timing was unclear. We 

included outcomes with sufficient data to calculate the effect size in the form of risk ratio 

(RR) and 95% confidence intervals (CI).

Data extraction and standardization

We used pre-structured data extraction tables in Google Sheets that captured: effect size; 

study participant and partner demographics; ART, PrEP, and condom use; exposure to 

other interventions; STI diagnoses and treatment, diagnostic technologies, and timing; data 

related to risk of bias; location; and year(s) of data collection. Two raters entered data 

into the spreadsheet and used formulas to identify discrepancies, which they resolved via 

discussion. When essential data were missing or ambiguous, we contacted study authors for 

clarification. Coauthors reviewed data extraction of 5% of studies (randomly-selected) and 

those identified as especially nuanced for quality assurance.
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Risk of bias assessment

We adapted and used the Making GRADE the Irresistible Choice (MAGIC) approach for 

assessing potential risk of bias for each effect size across nine bias domains dictated by 

study design [Appendix E] [23,26,28,29]. We incorporated nuances of timing and accuracy 

for STI exposure and HIV outcome assessments. For example, studies received higher 

ratings for HIV RNA tests, shorter intervals between STI and HIV assessments, or analysis 

of STI exposure as time-sensitive. We rated each domain on the scale: “very low,” “low,” 

“medium”, and “high” risk of bias.

Data analysis and synthesis

We used Stata v14.230 for statistical analysis, calculated RR and 95% CI for effect estimates, 

and used the Zhang and Yu [31] method to calculate RR when studies reported odds 

ratios. We grouped effect sizes according to pathogen and timing of STI diagnosis (baseline 

vs. incident). We pooled data using a random-effects model when we identified two or 

more conceptually combinable effect sizes and reported the I2 statistic (as percentage) for 

heterogeneity [23]. When more than one effect size was reported by one study for a given 

STI, we prioritized reports of infection at ‘any’ anatomical site or aggregated site-specific 

estimates and prioritized adjusted over unadjusted estimates. We conducted sensitivity 

analyses by removing each estimate individually and recalculating the pooled estimate using 

remaining data. We plotted RRs (x-axis) against their log of the standard error (y-axis) for 

meta-analyzed pooled estimate with ≥10 effect sizes to explore the small-study effects.

We explored the effect of studies’ geographic setting and certain methodological 

characteristics on effect estimates. To depict the estimates with the lowest risk of bias, we 

conducted two meta-analyses (Models 1 and 2) after omitting data from case-control studies, 

unadjusted effect size estimates, or an interval greater than 12 months between STI and HIV 

diagnosis. Model 1 additionally excluded data from medical records.

This study occurred through a cooperative agreement with the U.S. Centers for Disease 

Control and Prevention under the National Center for HIV, Viral Hepatitis, STD, and TB 

Prevention Epidemiologic and Economic Modeling Agreement.

RESULTS

Our searches returned 14,535 unique records; we excluded 13,608 after reviewing titles 

and/or abstracts (Figure 1).

Initial full-text review excluded 23 systematic reviews plus 798 articles [Appendix D]. 

Further review excluded an additional 24 articles for ineligible or unclear temporality 

between STI and HIV diagnosis. Due to a recent review [32], we excluded 25 more studies 

reporting on HSV-2 infection but not chlamydia, gonorrhea, or syphilis. Of the 57 eligible 

studies, we included 26 addressing MSM (Table 1) in this review. From these 26 studies, we 

calculated 60 effect sizes for risk of HIV acquisition associated with diagnosis of syphilis, 

gonorrhea, chlamydia, or a combination of bacterial STIs (Table 1). We found no eligible 

studies for the added risk of HIV transmission due to STI in HIV-infected MSM, nor on the 

effect of Mycoplasma genitalium or trichomonas on HIV acquisition among MSM.
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Included studies were published from 1997–2017, with data collection as early as 1982 

(retrospective testing of stored sera) [47]. The average age of study participants varied 

from 29–37 years. Half (13) of studies addressed populations in Organization for Economic 

Cooperation and Development (OECD) countries. The greatest numbers of studies took 

place in China (7), the United States (6), and Thailand (3) (Table 2). Nineteen studies 

reported rates of overall condom use, however only two stratified condom data across STI

diagnosed and -undiagnosed populations [33,41] Exposures to other relevant interventions 

were rarely reported: one study reported on participants using PrEP [50], three on the 

percentage of participants who were circumcised [42, 49–52], and none on ART use by 

participants’ partners.

Eighteen effect sizes addressed STI infection assessed in a single anatomical site (rectal=13, 

ureteral=4, pharyngeal=1). The remaining effect sizes reflected STI assessed at any site or 

via serology.

Nucleic acid amplification tests were used to assess chlamydia exposures in most effect sizes 

(6, 66.7%) while most gonorrhea exposures (10, 58.9%) were assessed via culture or gram 

stain. Across pathogens, 13 (21.7%) effect sizes reflected STIs reported in medical records 

based on unspecified diagnostic technologies.

HIV assessment practices varied across studies and between baseline and follow-up. At 

baseline, more than half (30) of effect sizes used ELISA tests of unspecified or multiple 

generations. Only 11 effect sizes reflected baseline HIV assessment that used an RNA test 

(6) or other method (5) to identify early HIV infection (e.g., censoring participants who 

tested HIV-positive at the first interval). At follow-up, almost half of effect sizes (25) used 

unspecified HIV diagnostics: Four involved RNA testing of all samples at the endpoint and 

one incorporated Western Blot testing of all samples (Table 2).

Thirty effect sizes came from retrospective cohort and case-control studies using routine 

clinical data (without regularly-scheduled follow-ups). Twenty-three effect sizes reflected 

STI diagnosis measured only at study baseline, six reported only on incident STIs, and 

31 reported on STI diagnosed at any point prior to HIV infection. Duration of scheduled 

follow-up intervals varied and was reported for 24 (40.0%) effect sizes; where reported, 

the median interval was 6 months (range 2–12). Only two effect sizes were drawn from 

prospective cohort studies with assessment intervals under four months and precluded 

possible HIV infection at baseline.

There were two case-control studies reporting three effect sizes and 24 cohort studies (18 

prospective, six retrospective) reporting 57 effect sizes. Potential bias varied by risk domain 

(Figure 2, Appendix F).

For cross-design domains (D1–3), risk of bias related to STI assessment (D1) and outcome 

assessment (D2) was low, with 22 % and 12% of effect sizes, respectively, rated “medium” 

(none rated “high”). Risk for confounding (D3) was high, with only 5% rated “low” and 

none “very low.” Twenty-four effect sizes were adjusted, however none accounted for all 

of the following factors known to alter HIV risk: infection with other STIs, unprotected 

receptive anal intercourse, condom use, partner type, partner HIV status, and injection drug 
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use. Only three effect sizes adjusted for at least three of these confounders. Risk related 

to comparability of exposed and unexposed populations (D4) was low, with all effect sizes 

rated “low” or “very low.” The risk of bias domain with the most undesirable score was 

inability to rule out undetected HIV infection at baseline (D5, 87% rated “medium”) and 

risk that undetected HIV infection was present at the time of STI diagnosis (D6, 92% rated 

“medium” or “high”). All effect sizes were rated “very low” for risk due to co-intervention 

similarity (D7). All three case-control studies were rated “very low” for risk due to case and 

control selection (D8–9).

Effects of STI on risk of HIV acquisition

Of the 60 included effect sizes, we omitted 12 that overlapped and could distort pooled 

estimates. The following reports results for 39 effect sizes addressing exposure to one 

pathogen. Appendix G reports pooled estimates for nine effect sizes reflecting exposure to 

mixed bacterial pathogens.

Meta-analysis suggests that syphilis more than doubles HIV acquisition risk (k=21, RR 

2.68, 95% CI 2.00–3.58), although with a high degree of heterogeneity (I2=66.3%, p<0.01) 

(Figure 3).

Stratified meta-analysis (Table 3) suggests that risk was similar in studies conducted in 

OECD-member countries (k=9, RR 2.61, 95% CI 1.44–4.74) and non-OECD countries 

(k=11, RR 2.52, 95% CI 1.85–3.44) (one study reported on data pooled across OECD and 

non-OECD countries and was not included in either of the above analyses). Stratification 

by risk of bias found the smallest effect estimate with higher risk due to temporality (k=10, 

RR 1.93, 95% CI 1.36–2.75) and the largest in the multivariate adjustment sub-group with 

adjusted RR (k=10, RR 3.34, 95% CI 2.11–5.28).

Pooled estimates for the sub-group of higher-quality data that met the definitions of Model 

1 (k=4) and Model 2 (k=5) showed that risk may increase more than four times, although 

with wide confidence intervals and a high degree of heterogeneity (I2> 60%). In sensitivity 

analysis of the overall model, removal of any one study resulted in an RR of 2.39 to 2.83.

We observed a similar overall pooled estimate for the effect of gonorrhea on HIV risk (k=11, 

RR 2.38, 95% CI 1.56–3.61) with a higher degree of heterogeneity than syphilis (I2=84.2%, 

p<0.01) (Figure 4).

Estimates differed when stratified by risk of bias in temporality, with a larger estimate for 

the lower-risk group (k=9, RR 2.58, 95% CI 1.53–4.32) and smaller estimate for higher-risk 

group (k=2, RR 1.81, 95% CI, 1.26–2.60). Differences in estimates for studies conducted 

in OECD (k=6, RR 1.90, 95% CI 1.51–2.40) vs. non-OECD (k=5, RR 2.88, 95% CI 1.00–

8.28) countries were greater for gonorrhea than other pathogens. Pooling of unadjusted 

effect sizes resulted in smaller effect size (k=5, RR 1.66, 95% CI 1.26–2.19) than pooling 

of adjusted effect sizes (k=6, RR, 3.48 95% CI 1.59–7.59). There was a greater increase 

in pooled RR after restricting to higher-quality data (Model 1 not statistically significant; 

Model 2: k=5, RR 4.23, 95% CI 1.66–10.77). Removing any one study in sensitivity 

analysis resulted in RR between 1.73 and 2.60 (Table 3).
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We identified fewer effect sizes for chlamydia. The pooled estimate was smaller (k=7, 

RR 1.99, 95% CI 1.59–2.48) with less heterogeneity (I2=30.9%, p=0.192) (Figure 5). No 

multivariate-adjusted data were reported. Of the seven effect sizes, six meeting criteria for 

lower risk of bias in temporality had a lower RR (1.78, 95% CI 1.46–2.16). Sensitivity 

analysis produced RR of 1.78 to 2.13 (Table 3).

We observed asymmetrical distribution of RR by the log of the standard error of RR for the 

effect sizes related to the crude meta-analysis for gonorrhea. Most RR clustered around the 

top of the figure around the pooled RR line, with only one small study at the bottom right 

of the plot, implying that fewer studies with small sample size reported reduction in risk of 

HIV acquisition due to gonorrhea. Similar plot for the RRs related to syphilis was somewhat 

symmetrical [Appendix H].

DISCUSSION

We provide comprehensive estimates of the increased risk of HIV acquisition among MSM 

diagnosed with chlamydia, gonorrhea, and syphilis. Regardless of pathogen, geography, and 

data stratification model, our review finds risk was substantially higher for MSM infected 

with each pathogen compared to those without it: approximately two times higher for 

chlamydia and as much as four times for syphilis and gonorrhea, based on higher-quality 

data.

Our results are consistent with past reviews. Two investigated syphilis as a risk factor for 

HIV among MSM in China, estimating RR at 3.33 (95% CI, 1.97–5.62) [18] and 3.22 (95% 

CI 1.96–8.21 [19]. Others included MSM in pooled estimates but did not report data specific 

to MSM [8, 14,16]. We did not identify studies reporting HIV transmission data for MSM.

We strengthen evidence that STIs increase the risk of HIV acquisition by addressing 

uncertainty about the magnitude of this risk by pathogen and ambiguity around the extent 

to which observed heterogeneity can be explained by methodology. We rigorously assess 

bias, particularly temporality, which may explain variation in the magnitude of effects for 

the same STI pathogen across previous reviews [8,14,16,17]. Because our review reflects 

data published through 2017, we present estimates in the context of advances in STI and 

HIV diagnosis [28,59].

A challenge to any review is the limitations of observational studies. Primary studies in this 

and previous reviews reported outcomes comparing participants with and without a specified 

STI but did not compare STI-infected participants to individuals confirmed as STI-free. This 

likely pulls effect sizes towards the null, resulting in underestimation of the actual effect.

Further, most primary studies did not systematically measure and/or report data on factors 

such as exposure to HIV infection, participants’/partners’ sexual risk behaviors, drug use, 

and ART, PrEP, and circumcision status. Incomplete analysis of confounding factors may 

underlie the similarity among our estimates across pathogens. Because HIV and STIs share 

risk factors, it is possible that an unaccounted risk factor was more common in STI-exposed 

populations than STI-unexposed populations and was the main contributor to observed 

estimates.
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Fewer than half of studies adjusted effect sizes. Of the 16 that did, ten included condom 

use [38,40–43, 45,47,49,51] or other sexual risk factors [60] in multivariate models. Six 

other studies reported no significant association between condom use or other sexual risk 

factors and HIV seroconversion risk in univariate analysis [37,48,50, 54–56]. In our sub

analysis of multivariate-adjusted data on the effects of syphilis on HIV acquisition, six 

[37,43,45,47,51,55]of ten included effect sizes reflected condom and/or other risk data in 

their model and/or reported it as nonsignificant; for gonorrhea, four [37,38,47,49] of five 

effect sizes included in sub-analysis of multivariate-adjusted data accounted for condom 

use. Thus, our estimates largely account for much of the available sexual risk data although 

variation in how that behavioral data was reported means uncertainty persists in spite of 

multivariate adjustment.

We found substantial heterogeneity (I2 > 60%) in most effect sizes, including sub-analyses. 

To account for heterogeneity, we used random-effects models that resulted in wider 95% 

CIs. To optimally inform mathematical modeling and policy decisions, uncertainty around 

point estimates should be incorporated. We did not find multivariate-adjusted data on 

the effect of chlamydia on HIV acquisition. We included only one study in which some 

participants used PrEP because it was the only study that stratified HIV outcomes by STI 

diagnosis and controlled for PrEP exposure, as our protocol required. Given the efficacy 

of PrEP in reducing HIV acquisition61 and research and modeling that has linked PrEP 

uptake with an increase in unprotected sex and new STIs,62−66 better understanding of the 

relationship between PrEP, STI infection, and HIV acquisition is desirable.

We observed funnel plot asymmetry only for the crude meta-analysis of gonorrhea, which 

can be due to publication bias, heterogeneity of studies, or chance.

Finally, studies specifically designed to examine the effect of STIs on HIV acquisition have 

ethical and operational limitations: randomizing persons to infection or treatment for an STI 

is unethical, powering an observational cohort study of high-risk MSM to examine risk of 

HIV would be cost- and time-prohibitive. Many studies in our analysis were not designed 

to answer our research question, instead addressing STI diagnosis in secondary analysis or 

through retrospective data collection. We attempted to account for some methodologic issues 

in applying these measures of effect, including assessment of bias by temporality and other 

quality measures.

MSM infected with chlamydia, gonorrhea, and syphilis have twice or greater risk of HIV 

acquisition, although uncertainty exists due to data heterogeneity and risk of bias. Future 

studies should report the coverage for PrEP, ART, and condom use by study arms, allowing 

more nuanced estimates of STI on HIV risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Identification and screening of bibliographic records for systematic review of the effect of 

STI diagnosis on the risk of HIV seroconversion among MSM (search up to January 2018)
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Figure 2. 
Assessment of risk of bias for effect sizes included in the meta-analysis of the effect of STI 

diagnosis on the risk of HIV acquisition among MSM.
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Figure 3. Forest plot for risk ratios of diagnosis of syphilis and risk of HIV acquisition
Heterogeneity chi-squared = 59.32 (d.f. = 20)

Estimate of between-study variance Tau-squared = 0.2413

Test of ES=1, z= 6.71 p = 0.000

Studies included in Model 1: Giuliani 2014, Lam 2017, Thienkrua 2016b, Xu 2010

Studies included in Model 2: Desai 2017, Giuliani 2014, Lam 2017, Thienkrua 2016b, Xu 

2010

Data from Kelly 2015 was removed since it had no effect on the pooled estimate (i.e., % 

weight = 0) but it would have distorted the figure.
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Figure 4. Forest plot for risk ratios of diagnosis of gonorrhea and risk of HIV acquisition among 
MSM
Heterogeneity chi-squared = 59.30 (d.f. = 9)

Estimate of between-study variance Tau-squared = 0.3743

Test of ES=1: z= 3.69 p = 0.000

If Meireles 2015a (RR=0.002, CI= 0.001, 0.003) is included then the combined estimated 

RR would be 1.359 (0.420, 4.391).

Studies included in Model 1: Giuliani 2014, Sanders 2013

Studies included in Model 2: Desai 2017, Giuliani 2014, Harrison 1999, Sanders 2013
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Figure 5. Forest plot for risk ratios of diagnosis of chlamydia and risk of HIV acquisition among 
MSM
Heterogeneity chi-squared = 8.49 (d.f. = 5)

Estimate of between-study variance Tau-squared = 0.0348

Test of ES=1 : z= 5.66 p = 0.00

Studies included in Model 1: N/A

Studies included in Model 2: N/A
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Table 3.

Summary of results on the effect of STI diagnosis on risk of HIV Acquisition among MSM by multivariate 

adjustment, geography, temporality, high quality data and combined (k=39)

Syphilis Gonorrhea Chlamydia

Geography OECD* Non-OECD OECD Non-OECD OECD Non-OECD

Pooled RR (95%) 2.61 (1.44, 4.74) 2.52 (1.85, 
3.44) 1.90 (1.51, 2.40) 2.88 (1.00, 

8.28) 1.90 (1.49, 2.42) 2.04 (1.27, 
3.26)

I2, p value 73.0%, p<0.001 50.1%, p=0.029 26.3%, p=0.237 92.5%, p<0.001 0.0%, p=0.459 66.4%, 
p=0.051

K 9 11 6 5 4 3

Multivariate 
Adjustment Unadjusted RR Adjusted RR Unadjusted RR Adjusted RR Unadjusted RR Adjusted RR

Pooled RR (95%) 2.10 (1.63, 2.70) 3.34 (2.11, 
5.28) 1.66 (1.26, 2.19)†

3.48 (1.59, 
7.59) 1.99 (1.59, 2.48) --

I2, p value 17.2%, p=0.280 74.1%, p<0.001 37.3%, p=0.172 89.3%, p<0.001 30.9%, p=0.192 --

K 11 10 5 6 7 --

Risk of Bias: 

Temporality 
‡ Less Risk More Risk Less Risk More Risk Less Risk More Risk

Pooled RR (95%) 3.33 (2.44, 4.56) 1.93 (1.36, 
2.75) 2.58 (1.53, 4.32) 1.81 (1.26, 

2.60) 1.78 (1.46, 2.16) 2.89 (1.96, 
4.26)

I2, p value 51.0%, p=0.026 42.4%, p=0.075 87.0%, p<0.001 0.0%, p=0.342 0.0%, p=0.567 NA

K 11 10 9 2 6 1

Risk of Bias: Testing 
§ Less Risk More Risk Less Risk More Risk Less Risk More Risk

Pooled RR (95%) 2.83 (2.03, 3.94) 2.18 (1.16, 
4.11) 2.34 (1.42, 3.85) 2.25 (1.46, 

3.47) 1.96 (1.50, 2.55) 2.20 (1.40, 
3.46)

I2, p value 70.2%, p=0.000 51.6%, p=0.083 87.1%, p<0.001 3.7%, p=0.308 40.4%, p=0.136 NA

K 16 5 9 2 6 1

High Quality Data 
¶ Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Pooled RR (95%) 4.32 (2.20, 8.51) 4.25 (2.51, 
7.21) 5.49 (1.11, 27.05) 4.23 (1.66, 

10.77) -- --

I2, p value 75.3%, p=0.007 67.3%, p=0.016 93.8%, p<0.001 90.0%, p<0.001 -- --

K 4 5 3 5 -- --

Combined Combined Combined Combined

Pooled RR (95%) 2.68 (2.00, 3.58) 2.38 (1.56, 3.61)** 1.99 (1.59, 2.48)

I2, p value 66.3%, p=0.000 84.2%, p= p<0.001 30.9%, p=0.192

K 21 11 7

SA RR Range 
|| 2.39–2.83 1.81–2.60 1.78–2.13

*
OECD countries are members of the Organisation for Economic Co-operation and Development (OECD). Study data is drawn from the following 

OECD countries: Australia, Italy, Portugal, United Kingdom, United States, and a multi-country study. Study data is drawn from the following 
non-OECD countries: Brazil, China, Kenya, Thailand.

†
If Meireles 2015 (RR=0.002, CI= 0.001, 0.003) is included then the pooled estimate for unadjusted RR would be 0.52 (0.07, 4.05).
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‡
Risk of bias in temporality is defined as more risk where there was an interval of >12 months between STI exposure and HIV outcome 

assessments and less risk where the interval <=12 months. Incident STI exposure treated as a fixed variable is classified as higher risk of bias.

§
Risk of bias in testing is defined as more risk if STI exposure and/or HIV outcome were drawn from medical records and less risk if investigators 

reported using laboratory test for both STI and HIV.

¶
Model 1: Data excluded if: HIV and STI assessment was based on medical records (vs. if directly confirmed by lab test), if there was no attempt to 

match or adjust for confounders, a case-control study design was used, and/or assessment intervals were > 12 months.

Model 2: Data excluded if: There was no attempt to match or adjust for confounders and/or assessment intervals were >12 months.

||
Sensitivity analysis RR range when one study removed from analysis

**
If Meireles 2015 (RR=0.002, CI= 0.001, 0.003) is included then the combined estimated RR would be 1.359 (0.420, 4.391).

K = Number of effect size estimates included; RR = Risk ratio; SA = Sensitivity analysis
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