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Supplementary Methods
Data collection and management
[bookmark: _Hlk172294617]In this article, we report findings for the endpoint of participants of men who have sex with men (MSM) in two cities groups through dual platform, as new suspicious HIV infection (NSHI) detected by Antigen Index from third - Generation HIV-1/HIV-2 Antibody Assays and self-report HIV risk behaviors. All the HIV screening testing results for the participants alongside the 29-month longitudinal, 2-group randomized trial recruited MSM through the online platform from February 2019 to June 2021, were recorded. The primary outcome was the amounts of participants who seeking the HIV serology and rapid screening tests and suspicious HIV positive among them between intervention and control cities.
[bookmark: _Hlk173831735]We established online HIV testing appointment recruitment, offline fixed-point voluntary counseling and testing (VCT) consultant and screening test providing by community-based-organizations (CBOs) or local center for disease control and prevention (CDC). Since people with suspicious HIV infection detected by Antigen Index may lose contact, or confirmatory nucleic acid amplification testing (NAAT) may not be rapidly available, HIV infection status detected by Antigen Index were recorded to reflect the outcome indicator of new suspicious HIV infection rate. With the platform, a 29-month longitudinal, 2-group randomized trial MSM participants were recruited during February 2019 to June 2021. Those recruited were at least 18 years of age, reported engaging in anal sex with men in the past year, inform consent. Participants completed online surveys. The online and offline surveys were carried out according to the following process, and information collected included basic demographic information, HIV risk self-assessment, HIV testing times and HIV screening testing result.

HIV risk behavior self-assessment tools
[bookmark: OLE_LINK1][bookmark: _neb21DDE8ED_A165_4649_B089_9C42F4AC8668]In 2016, the Chinese CDC cooperating and Fudan University jointly developed a HIV risk self-assessment tool for MSM based on systematic literature review and Delphi method. The research group sorted out the risk index of each item according to the odd ratios (ORs), hazard ratios (HRs) and relative ratios (RRs) verified from literature review, and then consulted with experts in Chinese HIV prevention and control area using Delphi method. The specific items and relative risk scores of each item were determined through two rounds of specialist consultation. The final HIV risk self-assessment tool for MSM included eight items. Referring to the relevant HR, RR and OR values in the literatures, and two rounds of expert Delphi method, eight items and risk index calculation1 were listed as following: 
(1) Number of MSM sexual partners during recent six months (number of sexual partners): according to the results of two meta-analysis, HR=2·31 and RR=2·81, respectively, but only divided into two categories of "more/less". The risk of the item was divided into four levels, and assigned values of 1·00, 2·50, 3·50 and 4·50 for 0‒, 2‒, 6‒ and ≥10, respectively.
(2) [bookmark: OLE_LINK3]Number of HIV positive partners during recent six months (status of sexual partners): because there are few references and the treatment of sexual partners is not considered, one research results OR=5·27. The risks of the item were subdivided into four levels: "with untreated HIV infected sexual partners"=5·27; "unclear HIV infection of sexual partners"=5·27/2=2·64; "with treated HIV infected sexual partners"=5·27/3=1·76; "without HIV infected sexual partners"=1·00.
(3) [bookmark: _Hlk172806506]Condom use during sexual behavior during recent six months (use of condom): The results of two meta-analysis on unprotected anal sex were HR=2·92 and RR=3·88, respectively, but they were only divided into "yes/no" and condom use was not subdivided, so the risk value was calculated by referring to two articles on condom use: "sometimes use condom during sexual behavior (sometimes)"=(3·20+3·447)/2=3·32; "Never use condom during sexual behavior (never)"=(4·96+6·296)/2=5·63.
(4) Commercial homosexual behavior during recent six months (commercial homosexual behaviour): according to the results of meta-analysis, HR=4·11.
(5) Sexually transmitted infection during recent six months (sexually transmitted infections): refer to the results of meta-analysis of syphilis, HR=3·22.
(6) New drug usage during sexual behavior during recent six months (addictive substances): new drug use refers to the internal report of China CDC for STD and AIDS prevention and control, the risk of HIV infection among MSM using new drugs is 2·31 times that of non users.
(7) Sexual role during recent six months (sexual role): according to the research, the values are assigned with OR=3·29 for “only receiving party (0)” and OR=2·34 for “both inserting party and receiving party (0, 1)”.
(8) MSM group sexuality during recent six months (group sexuality): there are few relevant literatures, the risk of the item was divided into three levels, with values of 1·00, 2·00 and 5·00 for never, sometimes, often, respectively.
Based on the risk index above, the HIV risk reference scoring was set in supplementary table 1. 

Definition of COVID-19 pandemic related variable
To investigate the characteristic of HIV infection during different periods of COVID-19 pandemic, we defined two phases, before January 20, 2020 (Phase I), and after January 20, 2020 (Phase II). Phase I marked the period without nonpharmaceutical interventions (NPIs). Phase II started with the period of comprehensive prevention and control of COVID-19, during which all provinces initiated level-1 response to the public health emergency which meant enforcing most intense NPIs such as stay-at-home or shelter-in-place order, closure of nonessential businesses, restaurant, schools and hotels, prohibition of gatherings, etc. Subsequently, all provinces downgraded their public health response, and gradually resumed public transportation, businesses, schools and recreational activities, but stringent NPIs still remained, e.g., social distancing, and routine temperature monitoring. On this basis, we defined a binary categorical variable: first testing during the COVID-19 pandemic (yes/no), which was included into the description and modeling analysis.

References
1.	Li LL, Jiang Z, Song WL, et al. Development of HIV infection risk assessment tool for men who have sex with men based on Delphi method. Chin J Epidemiol 2017; 38: 1426-30.



Supplementary figure 1. The process of online and offline surveys.
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Supplementary table 1. The eight items, risk index calculation and scoring criteria.
	Items
	HIV risk reference scoring 

	Number of MSM sexual partners during recent six months
	

	  0‒
	1·00

	  2‒
	2·50

	  6‒
	3·50

	  ≥10
	4·50

	Number of HIV positive partners during recent six months
	

	  Without HIV infected sexual partners
	1·00

	  Unclear HIV infection of sexual partners
	2·64

	  With treated HIV infected sexual partners
	1·76

	  With untreated HIV infected sexual partners
	5·27

	Condom use during sexual behavior during recent six months
	

	  Every time
	1·00

	  Sometimes
	3·32

	  Never
	5·63

	Commercial homosexual behavior during recent six months
	

	  No
	1·00

	  Yes
	4·11

	Sexually transmitted infection during recent six months
	

	  No
	1·00

	  Yes
	3·22

	New drug usage during sexual behavior during recent six months
	

	  No
	1·00

	  Yes
	2·31

	Sexual role during recent six months
	

	  Only inserting party (1)
	1·00

	Both inserting and receiving party (0, 1)
	2·34

	  Only receiving party (0)
	3·29

	MSM group sexuality during recent six months
	

	  Never
	1·00

	  Sometimes
	2·00

	  Often
	5·00


The research group integrated the MSM HIV risk self-assessment tool into online questionnaires. The respondents were required to sign the online informed consent and answered the above questions according to their real behavior online. By accumulating the risk behavior scores of each HIV screening test recruitment, the behavior trajectory during the follow-up period was determined and compared. In each test recruitment, respondents will also get risk scores online to facilitate their risk self-assessment.


Supplementary figure 2. Temporal dynamics for the number of new HIV infections (A), the number of testing persons (B), and the HIV seroconversion rates (C) during the follow-up period.
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[bookmark: _Hlk173831722]Supplementary figure 3. Consistency in the demographic characteristics across multiple data collections during the follow-up period for each individual.
[image: Figure-S2]


Supplementary figure 4. Stratified comparison of HIV risk self-assessment scores for the participants. (A) Intervention and control. (B) HIV infection and non HIV infection. Variables with significant differences in the risk scores between groups were marked in red.
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Supplementary figure 5. The impact of intervention measures on HIV risk behaviors. Significant differences between groups were marked with asterisks.
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Supplementary table 2. Sensitivity analysis for the influencing factors associated with testing frequency based on negative binomial regression.
	Variables
	Univariate analysis
	
	Multivariate analysis

	
	β
	p value
	
	β
	p value

	Follow-up group
	
	
	
	
	

	  Control
	Ref
	‒
	
	Ref
	‒

	  Intervention
	0·250
	<0·001
	
	0·233
	<0·001

	Demographic features
	
	
	
	
	

	Age, years
	
	
	
	
	

	  18‒24
	Ref
	‒
	
	Ref
	‒

	  25‒34
	‒0·069
	0·093
	
	‒0·053
	0·260

	  35‒44
	‒0·180
	0·001
	
	‒0·176
	0·006

	≥45
	‒0·246
	<0·001
	
	‒0·241
	0·001

	Domicile
	
	
	
	
	

	  Local
	Ref
	‒
	
	Ref
	‒

	  Non-local
	0·109
	0·006
	
	0·081
	0·043

	Education
	
	
	
	
	

	  High educated
	Ref
	‒
	
	Ref
	‒

	  Medium educated
	‒0·053
	0·188
	
	‒0·004
	0·930

	  Low educated
	‒0·025
	0·644
	
	0·095
	0·120

	Occupation
	
	
	
	
	

	  Office workers
	Ref
	‒
	
	Ref
	‒

	  Commercial service
	‒0·055
	0·316
	
	‒0·081
	0·145

	  Workers
	‒0·075
	0·222
	
	‒0·063
	0·327

	  Students
	0·086
	0·151
	
	0·010
	0·882

	  Freelance workers
	‒0·046
	0·354
	
	‒0·048
	0·339

	  Others
	‒0·024
	0·697
	
	‒0·037
	0·548

	Income, yuan
	
	
	
	
	

	  >5000
	Ref
	‒
	
	
	

	  3001‒5000
	0·030
	0·459
	
	
	

	  1501‒3000
	0·035
	0·556
	
	
	

	  ≤1500
	0·070
	0·213
	
	
	

	Sexual orientation
	
	
	
	
	

	  Homosexuality
	Ref
	‒
	
	Ref
	‒

	  Bisexuality
	0·098
	0·012
	
	0·113
	0·005

	  Unknown
	0·009
	0·893
	
	0·012
	0·852

	Marital status
	
	
	
	
	

	  Married or cohabitation
	Ref
	‒
	
	Ref
	‒

	  Unmarried
	0·105
	0·007
	
	‒0·011
	0·831

	  Divorce or widowhood
	0·074
	0·341
	
	0·080
	0·307

	HIV risk behavior
	
	
	
	
	

	[bookmark: _Hlk206508198]Number of sexual partners during recent six months
	
	
	

	  1
	Ref
	‒
	
	Ref
	‒

	  ≥2
	0·054
	0·123
	
	0·053
	0·133

	Status of sexual partners during recent six months
	
	
	

	  Without HIV infected sexual partners
	Ref
	‒
	
	Ref
	‒

	  Unclear HIV infection of sexual partners
	‒0·034
	0·343
	
	‒0·030
	0·415

	  With treated HIV infected sexual partners
	‒0·022
	0·856
	
	‒0·030
	0·801

	  With untreated HIV infected sexual partners
	‒0·973
	0·005
	
	‒0·966
	0·005

	Use of condom during anal intercourse during recent six months
	
	
	

	  Every time
	Ref
	‒
	
	Ref
	‒

	  Sometimes
	‒0·030
	0·418
	
	0·012
	0·783

	  Never
	‒0·117
	0·173
	
	0·017
	0·853

	Sexual role during recent six months
	
	
	

	  0
	Ref
	‒
	
	
	

	  0 & 1
	0
	0·998
	
	
	

	  1
	‒0·038
	0·420
	
	
	

	Commercial homosexual behaviour during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	0·029
	0·629
	
	
	

	Use of condom during heterosexual behavior during recent six months
	
	
	

	  Every time
	Ref
	‒
	
	Ref
	‒

	  Sometimes
	‒0·048
	0·328
	
	‒0·061
	0·291

	  Never
	‒0·234
	0·001
	
	‒0·208
	0·006

	  No heterosexual behavior 
	‒0·049
	0·230
	
	‒0·052
	0·240

	Sexually transmitted infections during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	0·099
	0·228
	
	
	

	Use of addictive substances during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	0·031
	0·473
	
	
	

	Sexual activity after drinking alcohol during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	‒0·026
	0·532
	
	
	

	The information of HIV screening
	
	
	
	
	

	First HIV testing for lifetime
	
	
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	‒0·082
	0·075
	
	‒0·104
	0·025

	First testing during the COVID-19 pandemic
	
	
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	0·121
	0·003
	
	0·097
	0·017


The variable “Anal and/or oral sex with men” was excluded as there was only one level remaining.


Supplementary figure 6. Sensitivity analysis for the impact of the intervention measures on testing frequency across different subgroups. The intervention groups marked in red within each subgroup indicate significant intervention effects when compared to the control group.
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Supplementary table 3. GLM analysis of influencing factors associated with HIV risk self-assessment scores.
	Variables
	Univariate analysis
	
	Multivariate analysis

	
	β
	p value
	
	β
	p value

	Follow-up group
	
	
	
	
	

	  Control
	Ref
	‒
	
	Ref
	‒

	  Intervention
	‒0·110
	0·007
	
	‒0·089
	0·029

	Demographic features
	
	
	
	
	

	Age, years
	
	
	
	
	

	  18‒24
	Ref
	‒
	
	Ref
	‒

	  25‒34
	0·112
	0·008
	
	0·184
	<0·001

	  35‒44
	0·150
	0·006
	
	0·223
	<0·001

	≥45
	0·231
	<0·001
	
	0·271
	<0·001

	Domicile
	
	
	
	
	

	  Local
	Ref
	‒
	
	
	

	  Non-local
	0·016
	0·688
	
	
	

	Education
	
	
	
	
	

	  High educated
	Ref
	‒
	
	Ref
	‒

	  Medium educated
	0·096
	0·020
	
	0·095
	0·031

	  Low educated
	0·139
	0·011
	
	0·114
	0·071

	Occupation
	
	
	
	
	

	  Office workers
	Ref
	‒
	
	Ref
	‒

	  Commercial service
	‒0·052
	0·362
	
	‒0·075
	0·200

	  Workers
	0·023
	0·720
	
	‒0·065
	0·334

	  Students
	‒0·004
	0·953
	
	0·144
	0·088

	  Freelance workers
	‒0·006
	0·904
	
	‒0·033
	0·532

	  Others
	0·083
	0·188
	
	0·097
	0·131

	Income, yuan
	
	
	
	
	

	  >5000
	Ref
	‒
	
	Ref
	‒

	  3001‒5000
	0·069
	0·102
	
	0·046
	0·288

	  1501‒3000
	0·193
	0·001
	
	0·166
	0·008

	  ≤1500
	‒0·012
	0·830
	
	‒0·047
	0·522

	Sexual orientation
	
	
	
	
	

	  Homosexuality
	Ref
	‒
	
	Ref
	‒

	  Bisexuality
	‒0·287
	<0·001
	
	‒0·301
	<0·001

	  Unknown
	‒0·301
	<0·001
	
	‒0·333
	<0·001

	Marital status
	
	
	
	
	

	  Married or cohabitation
	Ref
	‒
	
	
	

	  Unmarried
	‒0·022
	0·587
	
	
	

	  Divorce or widowhood
	0·057
	0·488
	
	
	

	The information of HIV screening
	
	
	
	
	

	First HIV testing for lifetime
	
	
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	0·203
	<0·001
	
	0·241
	<0·001

	First testing during period of COVID-19
	
	
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	0·068
	0·121
	
	0·063
	0·145




Supplementary table 4. Sensitivity analysis for the influencing factors associated with HIV risk self-assessment scores based on GLM.
	Variables
	Univariate analysis
	
	Multivariate analysis

	
	β
	P value
	
	β
	P value

	Follow-up group
	
	
	
	
	

	  Control
	Ref
	‒
	
	Ref
	‒

	  Intervention
	‒0·075
	0·110
	
	‒0·058
	0·220

	Demographic features
	
	
	
	
	

	Age, years
	
	
	
	
	

	  18‒24
	Ref
	‒
	
	Ref
	‒

	  25‒34
	0·086
	0·080
	
	0·178
	0·001

	  35‒44
	0·165
	0·008
	
	0·272
	<0·001

	≥45
	0·202
	0·005
	
	0·288
	<0·001

	Domicile
	
	
	
	
	

	  Local
	Ref
	‒
	
	
	

	  Non-local
	‒0·026
	0·573
	
	
	

	Education
	
	
	
	
	

	  High educated
	Ref
	‒
	
	Ref
	‒

	  Medium educated
	0·050
	0·294
	
	0·056
	0·274

	  Low educated
	0·087
	0·173
	
	0·060
	0·413

	Occupation
	
	
	
	
	

	  Office workers
	Ref
	‒
	
	Ref
	‒

	  Commercial service
	‒0·024
	0·720
	
	‒0·035
	0·604

	  Workers
	0·022
	0·764
	
	‒0·041
	0·594

	  Students
	0·056
	0·424
	
	0·245
	0·015

	  Freelance workers
	‒0·014
	0·812
	
	‒0·026
	0·676

	  Others
	0·096
	0·191
	
	0·120
	0·108

	Income, yuan
	
	
	
	
	

	  >5000
	Ref
	‒
	
	Ref
	‒

	  3001‒5000
	0·009
	0·859
	
	‒0·009
	0·850

	  1501‒3000
	0·126
	0·074
	
	0·084
	0·258

	  ≤1500
	‒0·020
	0·755
	
	‒0·122
	0·168

	Sexual orientation
	
	
	
	
	

	  Homosexuality
	Ref
	‒
	
	Ref
	‒

	  Bisexuality
	‒0·257
	<0·001
	
	‒0·275
	<0·001

	  Unknown
	‒0·274
	<0·001
	
	‒0·307
	<0·001

	Marital status
	
	
	
	
	

	  Married or cohabitation
	Ref
	‒
	
	
	

	  Unmarried
	‒0·014
	0·764
	
	
	

	  Divorce or widowhood
	‒0·048
	0·615
	
	
	

	The information of HIV screening
	
	
	
	
	

	First HIV testing for lifetime
	
	
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	0·297
	<0·001
	
	0·325
	<0·001

	First testing during period of COVID-19
	
	
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	0·026
	0·611
	
	
	


The variable “Anal and/or oral sex with men” was excluded as there was only one level remaining.

Supplementary figure 7. The impact of the intervention measures on HIV risk self-assessment scores across different subgroups. The intervention groups marked in red within each subgroup indicate significant intervention effects when compared to the control group.
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Supplementary figure 8. Sensitivity analysis for the impact of the intervention measures on HIV risk self-assessment scores across different subgroups. The intervention groups marked in red within each subgroup indicate significant intervention effects when compared to the control group.
[image: ]


Supplementary table 5. Cox regression analysis of influencing factors associated with the risk of HIV infection.
	Variables
	Univariate analysis
	
	Multivariate analysis

	
	HR (95%CI)
	p value
	
	HR (95%CI)
	p value

	Follow-up group
	
	
	
	
	

	  Control
	Ref
	‒
	
	
	

	  Intervention
	0·973 (0·739, 1·281)
	0·845
	
	
	

	Demographic features
	
	
	
	
	

	Age, years
	
	
	
	
	

	  18‒24
	Ref
	‒
	
	Ref
	‒

	  25‒34
	0·683 (0·515, 0·906)
	0·008
	
	0·773 (0·563, 1·061)
	0·111

	  35‒44
	0·661 (0·463, 0·944)
	0·023
	
	0·705 (0·474, 1·048)
	0·084

	≥45
	0·616 (0·407, 0·934)
	0·023
	
	0·622 (0·394, 0·981)
	0·041

	Domicile
	
	
	
	
	

	  Local
	Ref
	‒
	
	
	

	  Non-local
	1·109 (0·844, 1·457)
	0·457
	
	
	

	Education
	
	
	
	
	

	  High educated
	Ref
	‒
	
	Ref
	‒

	  Medium educated
	1·314 (0·976, 1·770)
	0·072
	
	1·334 (0·972, 1·829)
	0·074

	  Low educated
	1·419 (0·988, 2·037)
	0·058
	
	1·462 (0·965, 2·217)
	0·073

	Occupation
	
	
	
	
	

	  Office workers
	Ref
	‒
	
	Ref
	‒

	  Commercial service
	1·163 (0·784, 1·725)
	0·452
	
	1·011 (0·675, 1·516)
	0·956

	  Workers
	1·232 (0·804, 1·888)
	0·337
	
	1·110 (0·706, 1·745)
	0·651

	  Students
	1·577 (1·047, 2·375)
	0·029
	
	1·218 (0·769, 1·931)
	0·400

	  Freelance workers
	1·437 (1·020, 2·025)
	0·038
	
	1·395 (0·979, 1·987)
	0·065

	  Others
	1·040 (0·654, 1·653)
	0·869
	
	0·978 (0·611, 1·564)
	0·925

	Income, yuan
	
	
	
	
	

	  >5000
	Ref
	‒
	
	
	

	  3001‒5000
	1·059 (0·796, 1·408)
	0·695
	
	
	

	  1501‒3000
	1·153 (0·782, 1·701)
	0·472
	
	
	

	  ≤1500
	1·177 (0·809, 1·712)
	0·394
	
	
	

	Sexual orientation
	
	
	
	
	

	  Homosexuality
	Ref
	‒
	
	Ref
	‒

	  Bisexuality
	0·970 (0·743, 1·267)
	0·825
	
	1·123 (0·844, 1·495)
	0·426

	  Unknown
	0·703 (0·450, 1·098)
	0·121
	
	0·881 (0·557, 1·393)
	0·587

	Marital status
	
	
	
	
	

	  Married or cohabitation
	Ref
	‒
	
	
	

	  Unmarried
	1·132 (0·865, 1·480)
	0·366
	
	
	

	  Divorce or widowhood
	0·886 (0·509, 1·540)
	0·667
	
	
	

	HIV risk behavior
	
	
	
	
	

	Anal and/or oral sex with men
	
	
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	0·921 (0·633, 1·341)
	0·668
	
	
	

	[bookmark: OLE_LINK5]Number of sexual partners during recent six months
	
	
	

	  0
	Ref
	‒
	
	Ref
	‒

	  1
	1·244 (0·797, 1·941)
	0·337
	
	1·187 (0·713, 1·975)
	0·510

	  ≥2
	1·696 (1·099, 2·617)
	0·017
	
	1·512 (0·891, 2·565)
	0·126

	Status of sexual partners during recent six months
	
	
	

	  Without HIV infected sexual partners
	Ref
	‒
	
	
	

	  Unclear HIV infection of sexual partners
	0·893 (0·697, 1·145)
	0·372
	
	
	

	  With treated HIV infected sexual partners
	1·465 (0·747, 2·872)
	0·267
	
	
	

	  With untreated HIV infected sexual partners
	1·085 (0·152, 7·761)
	0·935
	
	
	

	Use of condom during anal intercourse during recent six months
	
	
	

	  Every time
	Ref
	‒
	
	Ref
	‒

	  Sometimes
	1·729 (1·326, 2·255)
	<0·001
	
	1·592 (1·146, 2·212)
	0·006

	  Never
	1·077 (0·546, 2·125)
	0·830
	
	1·193 (0·578, 2·464)
	0·633

	  No anal intercourse
	0·929 (0·645, 1·338)
	0·693
	
	1·152 (0·740, 1·793)
	0·531

	Sexual role during recent six months
	
	
	

	  0
	Ref
	‒
	
	Ref
	‒

	  0 & 1
	0·806 (0·608, 1·067)
	0·131
	
	0·745 (0·554, 1·001)
	0·051

	  1
	0·462 (0·335, 0·638)
	<0·001
	
	0·493 (0·350, 0·695)
	<0·001

	Commercial homosexual behaviour during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·155 (0·770, 1·732)
	0·486
	
	
	

	Use of condom during heterosexual behavior during recent six months
	
	
	

	  Every time
	Ref
	‒
	
	Ref
	‒

	  Sometimes
	1·590 (1·168, 2·165)
	0·003
	
	1·117 (0·765, 1·631)
	0·567

	  Never
	0·793 (0·479, 1·313)
	0·367
	
	0·703 (0·405, 1·222)
	0·212

	  No heterosexual behavior 
	0·951 (0·708, 1·278)
	0·739
	
	0·795 (0·574, 1·103)
	0·170

	Sexually transmitted infections during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·174 (0·672, 2·051)
	0·572
	
	
	

	Use of addictive substances during recent six months
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	1·418 (1·061, 1·895)
	0·018
	
	1·214 (0·896, 1·644)
	0·210

	Sexual activity after drinking alcohol during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·181 (0·883, 1·580)
	0·262
	
	
	

	The information of HIV screening
	
	
	
	
	

	First HIV testing for lifetime
	
	
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	1·271 (0·965, 1·675)
	0·088
	
	1·219 (0·916, 1·622)
	0·174

	First testing during the COVID-19 pandemic
	
	
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·042 (0·775, 1·400)
	0·786
	
	
	




Supplementary table 6. Sensitivity analysis for the influencing factors associated with the risk of HIV infection based on Cox regression.
	Variables
	Univariate analysis
	
	Multivariate analysis

	
	HR (95%CI)
	p value
	
	HR (95%CI)
	p value

	Follow-up group
	
	
	
	
	

	  Control
	Ref
	‒
	
	
	

	  Intervention
	1·027 (0·756, 1·396)
	0·863
	
	
	

	Demographic features
	
	
	
	
	

	Age, years
	
	
	
	
	

	  18‒24
	Ref
	‒
	
	Ref
	‒

	  25‒34
	0·651 (0·477, 0·888)
	0·007
	
	0·751 (0·527, 1·069)
	0·112

	  35‒44
	0·601 (0·405, 0·893)
	0·012
	
	0·696 (0·421, 1·151)
	0·158

	≥45
	0·633 (0·406, 0·985)
	0·043
	
	0·716 (0·405, 1·265)
	0·250

	Domicile
	
	
	
	
	

	  Local
	Ref
	‒
	
	
	

	  Non-local
	1·080 (0·799, 1·460)
	0·618
	
	
	

	Education
	
	
	
	
	

	  High educated
	Ref
	‒
	
	Ref
	‒

	  Medium educated
	1·164 (0·846, 1·603)
	0·351
	
	1·244 (0·885, 1·748)
	0·209

	  Low educated
	1·320 (0·893, 1·950)
	0·164
	
	1·471 (0·930, 2·327)
	0·099

	Occupation
	
	
	
	
	

	  Office workers
	Ref
	‒
	
	Ref
	‒

	  Commercial service
	0·988 (0·637, 1·530)
	0·955
	
	0·869 (0·554, 1·363)
	0·541

	  Workers
	1·040 (0·644, 1·678)
	0·873
	
	0·952 (0·571, 1·585)
	0·849

	  Students
	1·546 (0·999, 2·393)
	0·050
	
	1·169 (0·714, 1·916)
	0·534

	  Freelance workers
	1·334 (0·921, 1·932)
	0·128
	
	1·308 (0·891, 1·920)
	0·170

	  Others
	1·022 (0·620, 1·686)
	0·932
	
	0·943 (0·567, 1·568)
	0·822

	Income, yuan
	
	
	
	
	

	  >5000
	Ref
	‒
	
	
	

	  3001‒5000
	1·090 (0·797, 1·490)
	0·590
	
	
	

	  1501‒3000
	1·261 (0·822, 1·936)
	0·289
	
	
	

	  ≤1500
	1·207 (0·790, 1·845)
	0·384
	
	
	

	Sexual orientation
	
	
	
	
	

	  Homosexuality
	Ref
	‒
	
	
	

	  Bisexuality
	0·971 (0·721, 1·308)
	0·848
	
	
	

	  Unknown
	0·726 (0·419, 1·257)
	0·253
	
	
	

	Marital status
	
	
	
	
	

	  Married or cohabitation
	Ref
	‒
	
	Ref
	‒

	  Unmarried
	1·222 (0·908, 1·644)
	0·186
	
	1·063 (0·708, 1·594)
	0·769

	  Divorce or widowhood
	0·804 (0·412, 1·569)
	0·522
	
	0·871 (0·444, 1·712)
	0·689

	HIV risk behavior
	
	
	
	
	

	Number of sexual partners during recent six months
	
	
	

	  1
	Ref
	‒
	
	Ref
	‒

	  ≥2
	1·485 (1·127, 1·957)
	0·005
	
	1·414 (1·068, 1·874)
	0·016

	Status of sexual partners during recent six months
	
	
	

	  Without HIV infected sexual partners
	Ref
	‒
	
	
	

	  Unclear HIV infection of sexual partners
	0·944 (0·719, 1·239)
	0·677
	
	
	

	  With treated HIV infected sexual partners
	1·607 (0·749, 3·446)
	0·223
	
	
	

	  With untreated HIV infected sexual partners
	1·046 (0·146, 7·496)
	0·964
	
	
	

	Use of condom during anal intercourse during recent six months
	
	
	

	  Every time
	Ref
	‒
	
	Ref
	‒

	  Sometimes
	1·742 (1·330, 2·282)
	<0·001
	
	1·556 (1·107, 2·187)
	0·011

	  Never
	1·093 (0·553, 2·159)
	0·798
	
	1·236 (0·592, 2·579)
	0·572

	Sexual role during recent six months
	
	
	

	  0
	Ref
	‒
	
	Ref
	‒

	  0 & 1
	0·724 (0·535, 0·979)
	0·036
	
	0·703 (0·516, 0·957)
	0·025

	  1
	0·398 (0·276, 0·574)
	<0·001
	
	0·439 (0·301, 0·639)
	<0·001

	Commercial homosexual behaviour during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·023 (0·639, 1·640)
	0·923
	
	
	

	Use of condom during heterosexual behavior during recent six months
	
	
	

	  Every time
	Ref
	‒
	
	Ref
	‒

	  Sometimes
	1·750 (1·252, 2·446)
	0·001
	
	1·200 (0·789, 1·825)
	0·395

	  Never
	0·793 (0·440, 1·429)
	0·440
	
	0·661 (0·345, 1·266)
	0·212

	  No heterosexual behavior 
	1·051 (0·757, 1·458)
	0·767
	
	0·825 (0·576, 1·183)
	0·296

	Sexually transmitted infections during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·424 (0·813, 2·496)
	0·217
	
	
	

	Use of addictive substances during recent six months
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	1·357 (1·002, 1·838)
	0·048
	
	1·174 (0·860, 1·604)
	0·312

	Sexual activity after drinking alcohol during recent six months
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·031 (0·747, 1·424)
	0·852
	
	
	

	The information of HIV screening
	
	
	
	
	

	First HIV testing for lifetime
	
	
	
	
	

	  No
	Ref
	‒
	
	Ref
	‒

	  Yes
	1·304 (0·946, 1·796)
	0·105
	
	1·148 (0·828, 1·591)
	0·408

	First testing during the COVID-19 pandemic
	
	
	
	
	

	  No
	Ref
	‒
	
	
	

	  Yes
	1·125 (0·812, 1·557)
	0·480
	
	
	


The variable “Anal and/or oral sex with men” was excluded as there was only one level remaining.


Supplementary figure 9. The impact of the intervention measures on the risk of HIV infection across different subgroups. The intervention groups marked in red within each subgroup indicate significant intervention effects when compared to the control group.
[image: ]


Supplementary figure 10. Sensitivity analysis for the impact of the intervention measures on the risk of HIV infection across different subgroups. The intervention groups marked in red within each subgroup indicate significant intervention effects when compared to the control group.
[image: ]


Supplementary table 7. The impacts of testing frequency and HIV risk self-assessment scores on the risk of HIV infection based on Cox regression.
	Variables
	HR (95%CI)
	p value

	Follow-up group
	
	

	  Control
	Ref
	‒

	  Intervention
	2·256 (0·608, 8·374)
	0·224

	Testing frequency
	0·824 (0·705, 0·963)
	0·015

	Testing frequency × Follow-up group
	0·744 (0·597, 0·927)
	0·008

	HIV risk scores
	1·211 (1·131, 1·297)
	<0·001

	HIV risk scores × Follow-up group
	0·999 (0·918, 1·087)
	0·981


The model had been adjusted for the individual demographic features, as well as the GDP, population density, HIV epidemic among MSM in 2015 (proportion of HIV-positive reports among MSM to urban population), and HIV testing coverage from 2015 to 2018 (proportion of MSM who have undergone HIV testing to the urban population) at city level.
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