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Abstract

Background—A recent assessment by the Chinese government showed that sexual transmission 

is becoming the main mode of spreading human immunodeficiency virus (HIV) in China. The 

annual report on drug abuse demonstrated a seven-fold increase of use of Amphetamine Type 

Stimulants (ATS), which has been strongly correlated with sexual risk-taking behaviors, in 2007 

than that in 2003. These observations suggest that ATS use may have contributed to the rapid 

increase in sexual transmission of HIV in China.

Objective—The present study aims to investigate the potential association between new drug 

users and transmission modes.

Methods—Partial Least Squares Path Model and Partial Least Squares Regression Models have 

been used to evaluate the potential correlation between ATS users and the sexual transmission of 

HIV.

Results—Our analysis indicates that HIV infection by drug use mode mainly results from heroin 

users (R = .5). ATS (R = −.9) and other drug users (R = −.4) have a negative relationship with HIV 

infection by drug use mode. However, for HIV infection by sexual transmission mode, ATS (R = 
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5.5) and other drug users (R = .6) show a positive association. ATS, especially, presents a strongly 

association with the sexual transmission of HIV.

Conclusion—The study results suggest that ATS users significantly contribute to the sexual 

transmission of HIV.

Scientific Significance—It is helpful to evaluate and predict the potential risk factors related 

with epidemic of HIV in China and provide theoretical evidence for HIV/AIDS health officers and 

policy makers to better construct target interventions and implement control measures.
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INTRODUCTION

In the past 20 years, China has experienced a resurgence in drug use, particularly heroin use, 

and a growing epidemic of human immunodeficiency virus (HIV/AIDS) infection. In China, 

nearly half of those living with HIV are believed to have been infected through drug use (1, 

2). Based on a recent annual report of drug abuse in China, the HIV infection rate among 

individuals who share contaminated needles and injection paraphenalia is 12.7%, which is 

about six-fold greater than among general heroin injection drug users in 2007 (3). Heroin 

use has created a substantially high proportion of HIV infection cases and contributed to the 

morbidity and mortality of illicit drug use (1). However, a recent joint assessment of HIV/

AIDS by the State Council HIV/AIDS Working Committee Office and the United Nations 

Theme Group on HIV/AIDS in China demonstrated a change of transmission modes (4). 

Sexual transmission is becoming the main mode of spreading HIV, and the proportion of 

transmission through heroin use is declining (43.3% in 2008 compared with 29.2% of new 

infections in 2007). A 2008 surveillance report on drug abuse showed that the decreasing 

prevalence of heroin use was attributable to the Chinese Government’s “People’s War on 

Drugs” initiated in 2005 (5), but new-type drug use, particular amphetamine-type stimulant 

(ATS) use and ATS polydrug use, have increased and are becoming the major sources of 

drug consumption in China (Fig. 1) (3, 6–9).

New-type drug use has been referred to as “21st century narcotics” of choice. ATSs can 

stimulate the central nervous system, producing euphoria, a sense of well-being, 

wakefulness, and alertness (10). Evidence from surveillance reports on drug abuse indicate 

that a wide range of people—among whom the 20–29-year-old age group exhibit the highest 

prevalence—use ATSs for various reasons and in various venues, such as private homes, 

nightclubs, bars, and dance parties in China (3, 6–9). ATS use is reported to be associated 

with a range of potentially negative health consequences, including stroke, heart problems, 

and kidney failure (10). In particular, ATS are reported to be associated with unsafe sexual 

behaviors (10). Several previous studies in China have demonstrated sexual transmission of 

HIV among heroin drug users (2, 11). However, the potential correlations between ATS use 

and the sexual transmission of HIV/AIDS has not been explored.
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The present study presents findings from a pilot assessment of the association between ATS 

and the sexual transmission of HIV/AIDS by using the Partial Least Squares Path Model 

(12) and Partial Least Squares Regression Models (13).

METHODS

Data

The drug use data for the study were obtained from the National Institute on Drug 

Dependence (NIDD), Peking University, from January 2003 to December 2007. Because the 

incidence of new drug users is an indicator of drug use trends, we restricted our analysis 

only to new drug users from 2003 to 2007. A “new drug user” is defined as a person who 

began using a drug during the report year and who had not previously been treated by 

clinical detoxification. HIV/AIDS cases for the same years were obtained from the routine 

surveillance system of the Center of HIV/AIDS in China Centers for Disease Control 

(AIDSCDC). NIDD and AIDSCDC are China’s national surveillance departments 

responsible for monitoring and collecting information regarding drug user and HIV/AIDS, 

respectively.

Assumptions

To assess the association between HIV transmission and type of drug use, we classified HIV 

transmission mode into three categories: drug transmission (DT), sexual transmission (ST), 

and other transmission (OT). Drug use was divided into heroin use (HU), ATS, and other use 

(OU). We then set X = {HU, ATS, OU} and Y = {DT, ST, OT}. However, HU, ATS, OU, 

DT, ST, and OT can be observed directly and classified as manifest variables; X and Y are 

unobserved constructs and cannot be observed or measured directly, but have to be inferred 

through the observed indicators, so they are classified as compositional variables or latent 

variables.

Partial Least Squares Path Model and Partial Least Squares Regression Model

These two models are important statistical tools in behavioral sciences (also in economics 

science) and usually are used to explore the potential causal relationships among several 

variables that can be either directly observed variables (manifest variables) or unobserved 

hypothetical variables (compositional variables).

Based on our assumption, X and Y were fitted into the Partial Least Squares Path Model first 

as two compositional variables (12). (All analyses were conducted using PLS-GUI software 

v.1.0.) Then we fitted X and Y into the Partial Least Squares Regression Model (13) as 

formula 1 to estimate the correlation between each composition within the mode of HIV 

transmission and the type of drug use. (All analyses were conducted using SMCA-P 

software v.11.5).
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[1]

RESULTS

The direct path coefficient was .839, and the goodness-of-fit test for the Partial Least 

Squares Path Model was .803, which indicates that the type of drug use had a significant 

effect on the mode of HIV transmission. Table 1, results of the Partial Least Squares 

Regression Model, indicates that HIV infection by drug use mode mainly results from 

heroin use (R = .5), and ATS (R = −.9) and other drug use (R = −.4) have a negative 

relationship with HIV infection by drug use mode. However, for HIV infection by the sexual 

transmission mode, ATS (R= 5.5) and other drug use (R = .6) shows a positive association. 

ATS in particular, indicates = a strong association with the sexual transmission of HIV.

DISCUSSION

The present study suggests that the type of drug use is directly associated with the mode of 

HIV/AIDS transmission. This finding is consistent with multiple previous studies in China 

(2, 11, 14). Statistical analyses further reveals that the drug transmission mode of HIV/AIDS 

has a positive association with heroin use (Table 1) and a negative association with ATS use 

and other drug use. These findings concur with the official Chinese report on drug 

dependence (Fig. 1) and the HIV/AIDS epidemic, according to which the number of heroin 

users as well as the proportion of the drug use transmission of HIV/AIDS is decreasing. The 

decline of heroin use can, in part, be attributed to China’s government-driven war on drugs. 

In 2005, the Chinese government launched the “People’s War on Drugs,” an initiative with a 

series of strict policies that impose significant consequences on heroin manufacturers, 

traffickers, and dealers to include jail time. (5). Additionally, methadone maintenance 

treatment programs were implemented throughout the country in 2006, which largely 

decreased the incidence of heroin abuse. The government’s forceful polices, including 

methadone maintenance treatment in China, directly resulted in a decline of heroin use, and 

then resulted in a related decrease in the transmission rates of HIV/AIDS by drug use mode. 

However, the overall effects of that policy require further study.

A remarkable finding in our study was that ATS use is significantly associated with the 

sexual transmission mode of HIV (Table 1). The routine monitoring data compiled by the 

government suggest that the increasing proportion of sexual transmission of HIV/AIDS may 

be a result of the dramatic increase in ATS use in China (Fig. 1). Generally, drug related 

transmission of HIV/AIDS in China usually refers to heroin use because the direct spread of 

HIV/AIDS generally results from needle-sharing subpopulations. In fact, ATS use has a 

potentially greater risk for HIV/AIDS spreading among a wide population because such new 

drugs are extensively used among diverse groups (including young people) with a variety of 

using patterns which are more difficult to track.
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The Partial Least Squares Path Model is a general, confirmatory, and powerful multivariate 

analysis technique for showing potential causal relationships. The model generally focuses 

not on hypothesis testing (at least not on a particular relationship among variables) but, 

rather, on a broader picture (16). Furthermore, Partial Least Squares testing is suitable in 

situations in which the number of observations is limited, missing data are numerous, or 

correlations between predictor variables are high, all factors in severely limiting a traditional 

multivariate analyses (17). Our 5-year observational data included variables for the type of 

drug use and HIV/AIDS transmission mode, but these are typically compiled as composite 

variables and, therefore, could not be analyzed by traditional model, which requires 

independent variables. The Partial Least Squares Path Model and Regression Model were 

thus chosen as our exploratory analysis tools.

Clearly, our study has limitations. For example, we only conducted an exploratory analysis 

of the correlation between drug use and HIV transmission mode because of limitations 

imposed by available data. Detailed demographic information would have been a helpful 

inclusion and should be considered in future studies. Further, while this study acknowledges 

the impact of China’s mandated implementation of methadone maintenance treatment and 

needle exchange programs as a contributory factor in the decline of heroin use in China, this 

was not considered in the current analysis because the emphasis of this study was simply to 

detect an association, if any, between new drug use and sexual transmission of HIV/AIDS.

In conclusion, drug use plays an important role in the transmission of HIV in China, 

contributing directly to infection through injection drug use and indirectly through 

promoting sexual behavior which can lead to HIV infection. Control of drug use of both 

types—heroin injection and ATS—will be important in the fight against HIV/AIDS in 

China.

Acknowledgments

This work was partly supported by Fogarty R24 TW007988 and the Investigation on Methodology for Estimation 
and Prediction of HIV/AIDS Epidemic (No. 2008ZX100 [01-003]) and the Early-Warning System for Tuberculosis 
(No. 2008ZX100 [03-008]) and NSFC No. 30973981. The first author also wishes to thank Professor Rebecca 
Wurtz for commenting on the writing and revising the manuscript.

References

1. State Council HIV/AIDS Working Committee Office, UN Theme Group on HIV/AIDS in China. A 
Joint Assessment of HIV/AIDS Prevention, Treatment and Care in China. Beijing, China: State 
Council HIV/AIDS Working Committee Office, UN Theme Group on HIV/AIDS in China; 2004. 
2004

2. Sullivan SG, Wu Z. Rapid scale up of harm reduction in China. Int J Drug Policy. 2007; 18:118–
128. [PubMed: 17689354] 

3. State Council HIV/AIDS Working Committee Office, UN Theme Group on HIV/AIDS in China. A 
Joint Assessment of HIV/AIDS Prevention, Treatment and Care in China. Beijing, China: State 
Council HIV/AIDS Working Committee Office, UN Theme Group on HIV/AIDS in China; 2007. 
2007

4. National Institute on Drug Abuse Monitoring Center. National Institute on Drug Dependence of 
Peking University. Annual Report on Drug Abuse in China 2007. Beijing, China: National Institute 
on Drug Abuse Monitoring Center, National Institute on Drug Dependence of Peking University; 
2008. 

Jia et al. Page 5

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2017 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Narcotics Control Bureau of the Ministry of Public Security. 2008 Narcotics Control in China. 
Beijing, China: Narcotics Control Bureau of the Ministry of Public Security; 2008. Available at 
http://www.mps.gov.cn/n16/n80209/n80481/n804535/1260622.html. Last accessed May 5, 2009

6. National Institute on Drug Abuse Monitoring Center, National Institute on Drug Dependence of 
Peking University. Annual Report on Drug Abuse in China 2003. Beijing, China: National Institute 
on Drug Abuse Monitoring Center, National Institute on Drug Dependence of Peking University; 
2004. 

7. National Institute on Drug Abuse Monitoring Center, National Institute on Drug Dependence of 
Peking University. Annual Report on Drug Abuse in China 2004. Beijing, China: National Institute 
on Drug Abuse Monitoring Center, National Institute on Drug Dependence of Peking University; 
2005. 

8. National Institute on Drug Abuse Monitoring Center, National Institute on Drug Dependence of 
Peking University. Annual Report on Drug Abuse in China 2005. Beijing, China: National Institute 
on Drug Abuse Monitoring Center, National Institute on Drug Dependence of Peking University; 
2006. 

9. National Institute on Drug Abuse Monitoring Center, National Institute on Drug Dependence of 
Peking University. Annual Report on Drug Abuse in China 2006. Beijing, China: National Institute 
on Drug Abuse Monitoring Center, National Institute on Drug Dependence of Peking University; 
2007. 

10. Mental Health and Drugs Division, Victorial Government Department of Human Services. 
Discussion paper. Melbourne, Australia: Mental Health and Drugs Division, Victorial Government 
Department of Human Services; Victorian Amphetamine-Type Stimulants (ATS) and Related 
Drugs Strategy 2007–2010. Available at http://www.health.vic.gov.au/mentalhealth/publications. 
Last accessed May 5, 2009

11. Yao Y, Wang N, Chu J, Ding G, Jin X, Sun Y, Wang G, Xu J, Smith K. Sexual behavior and risks 
for HIV infection and transmission among male injecting drug users in Yunnan, China. Int J Infect 
Dis. 2009; 13:154–161. [PubMed: 18778963] 

12. Wang HW, Tenenhaus M. Multiple linear regression modeling method based on the compositional 
data. J Manage Sci China. 2006; 9:27–32.

13. Yun YZ, Wang HW. A regression model based on the compositional data of Beijing’s water 
consumed structure and industrial structure. System Engineering. 2008; 26:67–71.

14. Choi SY, Chen K. Gender and HIV risk behavior among intravenous drug users in Sichuan 
Province, China. Soc Sci Med. 2006; 62:1672–1684. [PubMed: 16185801] 

15. National Drug and Alcohol Research Centre. On Thin Ice: A User’s Guide. Randwick: National 
Drug and Alcohol Research Centre; 2006. Available at http://ndarc.med.unsw.edu.au/resources/Ice
+Resource/$file/ICE+RESOURCE.pdf. Last accessed 5, 2009

16. Jackson, JL., Dezee, K., Douglas, K., Shimeall, W. Introduction to Structural Equation Modeling 
(Path Analysis) [SGIM Precourse A08 May 2005]. Available at http://www.sgim.org/userfiles/file/
AMHandouts/AM05/handouts/PA08.pdf. Last accessed May 5, 2009

17. Graber, S., Czellar, S., Denis, JE. Using Partial Least Squares Regression in Marketing Research. 
Geneva, Switzerland: Université de Genève, Faculté des Sciences Économiques et Sociales, 
Section des Hautes Études Commerciales; 2002. 

Jia et al. Page 6

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2017 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.mps.gov.cn/n16/n80209/n80481/n804535/1260622.html
http://www.health.vic.gov.au/mentalhealth/publications
http://ndarc.med.unsw.edu.au/resources/Ice+Resource/$file/ICE+RESOURCE.pdf
http://ndarc.med.unsw.edu.au/resources/Ice+Resource/$file/ICE+RESOURCE.pdf
http://www.sgim.org/userfiles/file/AMHandouts/AM05/handouts/PA08.pdf
http://www.sgim.org/userfiles/file/AMHandouts/AM05/handouts/PA08.pdf


FIG. 1. 
Change in heroin and new-type drug use, 2003–2007. (A) Change in heroin use, 2003–2007. 

(B) Change in new-type drug use, 2003–2007.
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TABLE 1

Results of Partial Least Squares Regression Model.

Drug transmission Sexual transmission Other transmission

CONS −.488 2.276 −1.788

Heroin use .460 −.857 .698 

Amphetamine-type stimulants −.902 5.535 −4.633

Other use −.418 .622 −.505
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