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Abstract. In Vietnam HIV infection is concentrated in key populations, includ-
ing persons who inject drugs (PWID).  The majority of PWID can name specific 
transmission routes of HIV, yet risk behaviors remain high.  We conducted a cross-
sectional survey of 1,355 PWID in Thai Nguyen Province, Vietnam, to compare 
their HIV knowledge with their self-reported risk behavior.  Broader knowledge 
of HIV transmission, measured by a higher composite HIV knowledge score, was 
associated with a 19.5% lower adjusted odds of giving a used needle to another 
(p=0.011) and 20.4% lower adjusted odds of using a needle that another had used 
(p=0.001).  A higher knowledge score was associated with 13.1% higher adjusted 
odds of consistent condom use (p=0.083).  These results suggest a broader know- 
ledge may reflect characteristics about how individuals obtain knowledge or the 
way that knowledge is delivered to them and may be associated with their ability 
to engage in risk reduction behavior. 

Keywords: HIV, HIV knowledge, persons who inject drugs, injection drug users, 
risk behavior, needle sharing, Vietnam

current cases of HIV attributed to injec-
tion drug use (Vietnam Administration of 
HIV/AIDS Control, 2010). The prevalence 
of HIV among PWID in Vietnam is 13.4%, 
and several provinces have rates above 
45% (UNAIDS and National Committee 
for AIDS Drugs and Prostitution Preven-
tion and Control, 2012). Self-reported 
rates of risk are also high, with between 
15% and 37% of PWID reporting shar-
ing needles during the previous month 
and nearly 50% reporting no condom 

INTRODUCTION

In Vietnam, the HIV epidemic is 
concentrated among persons who inject 
drugs (PWID), with more than 70% of all 
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use at last sexual intercourse (UNAIDS 
and National Committee for AIDS Drugs 
and Prostitution Prevention and Control, 
2012).  However, a recent study found 
that more than 80% of PWID have a good 
knowledge about the transmission and 
prevention of HIV (Vian et al, 2012).

Among PWID, knowledge does not 
always appear to be predictive of risk 
reduction behavior. In their review of 
cognitive behavioral theories of risk be-
havior, Wagner et al (2010) concluded that 
while associations between greater know- 
ledge and lower risk have been observed, 
frequently an inverse association between 
knowledge and risk does not appear to 
exist. A study of PWID in China found a 
greater “awareness” of HIV transmission 
mechanisms was associated with a lower 
HIV infection rate (Jia et al, 2008) and a 
greater knowledge of HIV transmission 
modes was associated with greater con-
dom use (Zhao et al, 2006).  In a study 
among Most at Risk Populations (MARPs) 
in Vietnam, Vian et al (2012) found a 
small association between knowledge 
and needle sharing did not hold up in 
multivariable logistic regression analysis.

In this study, we examined HIV 
transmission knowledge among PWID 
in Thai Nguyen Province, Vietnam, to 
identify factors associated with greater 
HIV knowledge and investigate associa-
tions between HIV risk behavior and both 
specific and general HIV transmission 
knowledge. 

MATERIALS AND METHODS

We used cross-sectional baseline sur-
vey data from a prospective cohort study 
of a peer-network intervention for PWID 
living in Thai Nguyen Province, northern 
Vietnam.  Details of this trial are described 
elsewhere (Quan et al, 2011).  A total of 

1,434 PWID living in different sub-districts 
of Thai Nguyen Province were recruited 
for the study conducted between August 
2005 and September 2007. The subject 
pool included both index recruits from 
known PWID gathering areas, as well as 
network recruits from peer-referral within 
PWID peer networks.  To be included in 
this study, respondents had to be current 
injectors (injecting drugs at least once 
during the past three months), aged 18-49 
years, and able to give informed consent 
to participate.  Subjects were excluded if 
they were unwilling to provide locator 
information, or if they were enrolled in 
another study or intervention related to 
PWID or HIV. A remuneration of 50,000 
Vietnamese Dong (USD2.50) was paid to 
each person who participated.  

The cross-sectional survey, including 
demographic, behavioral and knowledge 
questions, was administered to consent-
ing participants by trained interviewers 
in private interview rooms at the Center 
for Preventive Medicine in Thai Nguyen. 
HIV-specific knowledge was assessed 
using a panel of eleven true-false ques-
tions about HIV transmission (Table 1).  
Similar question panels have been used in 
studies both internationally and domes-
tically (Lindan et al, 1991; Phillips, 1993; 
Maswanya et al, 1999; Todd et al, 2007; 
Parker and Ruutel, 2010). This study was 
approved by the Thai Nguyen Center for 
Preventative Medicine and the Johns Hop-
kins Bloomberg School of Public Health 
ethics boards. 
Data analysis

P-values for differences in the mean 
HIV knowledge score were calculated 
both for the overall sample and using 
bootstrapped samples to account for 
within-network correlations between 
index and network participants. 
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We examined the risk behavior impli-
cations of a greater HIV knowledge score 
using multivariable regression models.  
First, we looked at risky injecting behav-
ior, both as giving or taking a used needle 
for re-use.  Secondly, we asked whether 
HIV knowledge was associated with 
sexual risk behavior among unmarried 
PWID, as a function of HIV knowledge 
and covariates.

Our first outcome of interest was 
recent needle sharing behavior among 
those who reported ever sharing a needle 
during their lifetime, as a function of HIV 
knowledge.  To reduce recall errors, we 
focused on needle sharing behavior dur-
ing the previous three months preceding 
the interview.  The null hypothesis was 
that having a good knowledge about HIV 
transmission was not associated with 
self-reported recent needle sharing.  Our 
alternative hypothesis was that having a 
good knowledge about HIV transmission 
was associated with reduced needle shar-
ing in this population.  

To test these hypotheses, we exam-
ined the outcome of either sharing a 
needle recently vs not sharing a needle 
recently as a function of HIV knowledge 
and covariates.  Two logistic regression 
models were used: one for the log odds 
of giving a used needle for re-use, and 
the other for taking a used needle for per-
sonal use.   We used the following logistic 
regression model:   

(1) Log [Pr (Y=1)/[1-Pr(Y=1)]] = β0 + β1Age 
+ β2Male + β3School + β4HIV + β5Knowledge + 
β6Group + β7Injectfreq + β8Treatment

In Equation 1: (Y = 1) is an indicator vari-
able of any needle sharing behavior in the 
previous 3 months; “Age” is a continuous 
variable for age; “Male” is an indicator 
variable for male sex; “School’’ repre-
sents dummy variables for having some 

high school education, high school, or a 
college or higher education compared to 
having no education; “HIV” is an indica-
tor variable for laboratory-confirmed HIV 
seropositivity; “Knowledge” is a continu-
ous HIV knowledge score; “Group” is a 
continuous variable for size of peer injec-
tion group; “Injectfreq” is a dichotomous 
variable for daily vs less than daily injec-
tion; and “Treatment” is a dichotomous 
variable for ever having been in a treat-
ment program.

The odds ratios for these logistic mod-
els were also checked against the direct 
estimates of the prevalence ratio using 
a Poisson model with robust standard 
errors, as suggested previously (Barros 
and Hirakata, 2003).   As expected, the 
odds ratios overestimated the prevalence 
ratios, but the direction and statistical 
significance were the same.  Finally, we 
used generalized estimating equations to 
check for non-independence of observa-
tions within peer networks, as defined by 
our recruiting process (an index PWID 
recruiting “a network” peer PWID).  

To evaluate the association between 
HIV knowledge and sexual risk behavior, 
we modeled the log odds of consistent 
condom use as a function of HIV know- 
ledge score, controlling for demographic 
and sexual risk covariates.  Sexual risk 
behavior was defined as self-reported 
consistent (100%) condom use with all sex 
partners during the previous 12 months vs 
less than consistent condom use.  The null 
hypothesis was that the HIV knowledge 
score was not associated with condom 
use, while the alternative hypothesis was 
that greater HIV knowledge was associ-
ated with increased odds of consistent 
condom use. We restricted the analysis to 
unmarried PWID because consistent con-
dom use among married couples is lower 
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Table 1 
List of the true/false questions used to form the HIV transmission knowledge scale.

1	 A person can get HIV from kissing.
2	 A person can get HIV from getting a tattoo or through body piercing.
3	 A person can get HIV from a bite by an HIV-infected person.
4	 A person can get HIV from shaking hands, hugging an infected person.
5	 A person can get HIV from using a toilet or drinking from the same glass as an infected 

person.
6	 A person can get HIV from mosquitoes.
7	 HIV can be transmitted by having sex (anal, vaginal) with an infected person.
8	 HIV can be transmitted by sharing needles or injection equipment with an infected person.
9	 HIV can be transmitted from an infected woman to her baby before or during birth, or 

through breast-feeding .
10	 HIV can be transmitted when a person puts something in his or her mouth (such as food 

or a beverage) that has been contaminated with the feces of an HIV-infected person.
11	 HIV can be prevented through immunization.

given factors such as trust and intentional 
pregnancy.  The final model is shown in 
Equation 2: 

(2) Log [Pr (C=1)/[1-Pr(C=1)]] = β0 + β1Age + 
β3School + β4HIV + β5Knowledge + β6Sex Worker 
+ β7NumPartners

In Equation 2: (C=1) is consistent condom 
use during the previous 12 months; “Sex 
worker” is having sex with a sex worker 
during the previous 12 months; and 
“NumPartners” is the number of differ-
ent sex partners during the previous 12 
months.  The other covariates are the same 
as for Equation 1.

For both models, we pooled HIV 
knowledge questions into a continuously 
scaled variable based on the number of 
correctly answered knowledge questions.  
To confirm whether the individual ques-
tions might be combined to form a scale 
measuring the construct “knowledge,” 
we looked at inter-item correlations.  The 
Cronbach’s alpha coefficient was 0.59, 
which is a fair to good inter-item corre-
lation score (Helmstater, 1964). We also 
confirmed that the log-odds of the prob-

ability of having the outcome was the 
approximate monotone of the knowledge 
score, by fitting a logit-corrected lowess 
curve (data not shown).  

All data were analyzed using STATA 
10 statistical analysis software (StataCorp 
LP, College Station, TX).  

RESULTS

Of the 1,434 screened subjects, 1,402 
reported active injection drug use dur-
ing the previous 3 months, and 1,355 
met criteria for age and response quality.  
Forty-two point seven percent (95% CI: 
40.09 - 45.37) of PWID reported having 
ever shared needles (given or taken a used 
needle for re-use) during their lifetime.  
Among PWID who had ever given a used 
needle to another for re-use, 68.9% (95% 
CI: 64.4 - 73.5) had done so in the previous 
3 months. Among PWID who had ever 
taken a used needle from another for re-
use, 55.5% (95% CI: 50.6 - 60.5) had done 
so recently.  Among unmarried PWID, 
60.3% (95% CI: 56.2 - 64.3) did not use 
condoms consistently during the previous 
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Table 2
Mean HIV transmission knowledge score by study participant characteristics.

		  Mean HIV 	 95% CI	 p-value 	 p-value
		  knowledge 		  (Student’s t)	 (bootstrap with
		  score (sd)		   	 network cluster)a

				  
Full sample	 8.97 (1.73)	 8.87-9.06		
HIV status				  
	 Negative	 9.01 (1.72)	 8.89-9.12		
	 Positive	 8.89 (1.76)	 8.73-9.04	 0.208	 0.213
Age (years)				  
	 18-29	 9.14 (1.56)	 8.97-9.31		
	 30-39	 8.95 (1.77)	 8.83-9.08		
	 40-49	 8.79 (1.80)	 8.58-9.00	 0.048 (ANOVA)	 0.180
Gender				  
	 Female	 8.89 (1.66)	 8.22-9.55		
	 Male	 8.97 (1.73)	 8.87-9.06	 0.81	 0.810
Education 				  
	 No shool/primary	 8.09 (2.10)	 7.75-8.43		
	 Some secondary	 8.84 (1.76)	 8.70-8.99		
	 Secondary	 9.26 (1.50)	 9.11-9.40		
	 College or vocational	 9.30 (1.57)	 9.10-9.51	 <0.001 (ANOVA)	 0.001
Income				  
	 Lowest quartile	 8.91 (1.80)	 8.73-9.09		
	 Second quartile	 9.08 (1.57)	 8.90-9.26		
	 Third quartile	 8.92 (1.80)	 8.74-9.09		
	 Highest quartile	 8.99 (1.69)	 8.79-9.20	 0.547	 0.553
Treatment program				  
	 Never	 8.88 (1.76)	 8.77-9.00		
	 Ever	 9.12 (1.67)	 8.97-9.27	 0.017	 0.010
Number of peers in injecting group				  
	 1-2	 9.07 (1.57)	 8.93-9.20		
	 3-4	 8.79 (1.87)	 8.63-8.96		
	 5+	 9.07 (1.71)	 8.88-9.26	 0.016 (ANOVA)	 0.204
Gave a used needle to others for re-use				  
	 In the past 3 months	 8.86 (1.82)	 8.64-9.07		
	 Not in the past 3 months	 9.34 (1.52)	 9.08-9.61	 0.011	 0.006
Took a used needle from another for re-use				  
	 In the past 3 months	 8.67 (1.90)	 8.41-8.92		
	 Not in the past 3 months	 9.28 (1.54)	 9.06-9.51	 0.001	 0.001
Frequency of injecting, in past 3 months				 
	 Every day	 8.95 (1.76)	 8.83-9.17		
	 Less than every day	 9.00 (1.64)	 8.85-9.06	 0.669	 0.652
Condom use, past 12 months				  
	 Consistent	 8.87 (1.79)	 8.67-9.07		
	 Less than consistent	 8.93 (1.72)	 8.79-9.06	 0.637	 0.603

aTo calculate p-values that accounted for clustering within injection networks, 100 bootstrap replicates 
of the sample were drawn, by network cluster.  Bootstrapping was used because the correlation 
structure of the networks was not known.				  
CI, Confidence interval.	 			 
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Table 4
Odds ratios from a multivariate logistic regression model of consistent condom use 
in the previous twelve months, as a function of HIV knowledge among unmarried 

Vietnamese PWID.

		  Adjusted odds ratio 	 Standard error	 p-value	 95% CI
		  of consistent condom	 (bootstrap)b

		  use  (past 12 months)		

Coefficient	 n=465			 
Age	 1.015	 0.0205	 0.424	 0.98-1.05
Education				  
	 High school	 (reference)			 
	 None/primary	 1.194	 0.518	 0.673	 0.52-2.72
	 Some high school	 1.208	 0.336	 0.460	 0.73-1.99
	 Vocational/college	 1.053	 0.301	 0.861	 0.59-1.87
HIV knowledgea	 1.131	 0.084	 0.083	 0.98-1.30
HIV infection	 1.499	 0.371	 0.072	 0.96-2.33
Visited a sex worker	 2.708	 0.707	 <0.001	 1.73-4.24
Number of partners	 0.950	 0.052	 0.107	 0.89-1.01

aContinuous score as assessed by panel of True/False questions.				  
bTo calculate standard errors that accounted for clustering within injection networks, 100 bootstrap 
replicates of the sample were drawn by network cluster.  Bootstrapping was used because the cor-
relation structure of the networks was not known.				  
CI, Confidence interval.				  

12 months with at least one partner.  
The transmission knowledge ques-

tion with the least number of correct re-
sponses was, “Can a person get HIV from 
a bite by an HIV infected person?” 43.78% 
correctly answered no. The question with 
the most correct responses was, “Can HIV 
be transmitted by sharing needles or injec-
tion equipment with an infected person?” 
98.75% of respondents correctly answered 
yes.  The question, “Can HIV be transmit-
ted by having sex (anal, vaginal) with an 
infected person?” was correctly answered 
by 96.31% of participants.

The mean score on the HIV trans-
mission knowledge panel was 8.97 out 
of 11 (95% CI: 8.87 - 9.06; SD=1.73), cor-
responding to 82% correct, on average.   
Responses followed an approximately 

normal distribution missing its right tail 
at the maximum score cutoff (data not 
shown).  Table 2 shows HIV transmission 
knowledge based on the 11-question true/
false panel (Table 1), by selected partici-
pant characteristics, including education, 
demographic factors and needle-sharing 
risk behavior.  

Age was significantly associated with 
a greater knowledge score, with younger 
respondents scoring higher on average 
than older respondents.  Greater levels 
of schooling were associated with higher 
HIV transmission knowledge scores; those 
with a primary education or no schooling 
had an average score of 8.09 (95% CI: 7.75 
- 8.43) while those with at least some col-
lege or vocational school had an average 
score of 9.30 (95% CI: 9.10 - 9.51).  Respon-
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dents who had ever been in a treatment 
program had an average score of 9.12 (95% 
CI: 8.97 - 9.27) and those who had never 
been in treatment had a score of 8.88 (95% 
CI: 8.77 - 9.00).  Among PWID who have 
ever given used needles to others, those 
who did so recently (in the previous 3 
months) had an average knowledge score 
of 8.86 (95% CI: 8.64 - 9.07), compared to 
a score of 9.34 (95% CI: 9.08 - 9.61) among 
those who had not done so in the previ-
ous 3 months.  Among PWID who have 
ever taken used needles from another to 
re-use, those who did so during the pre-
vious 3 months had an average score of 
8.67 (95% CI: 8.42 - 8.92), compared to a 
score of 9.28 (95% CI: 9.06 - 9.51) among 
those who had not done so in the previ-
ous 3 months.  This shows an unadjusted 
association between HIV knowledge and 
recent needle sharing behavior.

Table 3 shows adjusted multivariable 
odds ratios (exponentiated coefficients) of 
any recent risky injecting behavior as a 
function of HIV transmission knowledge 
score, controlling for other covariates.  For 
each additional correctly answered ques-
tion about HIV transmission, the odds of 
giving a used needle to others decreased 
by 19.5% (p=0.011) and of accepting a used 
needle decreased by 20.4% (p<0.001). To 
account for the correlation of observa-
tions within peer injection networks, as 
defined in our study recruitment scheme, 
we used generalized estimated equations 
(GEE) (Liang and Zeger, 1986) with boot-
strapped standard errors, and found simi-
lar values for the direction, magnitude 
and statistical significance of coefficients 
of our logistic model covariates (data not 
shown).  Our HIV knowledge scale was 
robust to a simple sensitivity analysis, 
in which removing individual questions 
from the scale did not appreciably affect 
the magnitude or statistical significance 

of the coefficients of the other covariates 
in the model (data not shown).  

We controlled for injection group size 
as a possible confounder because addi-
tional injecting peers may be conveying 
HIV information and encouraging, or 
discouraging, needle sharing. We found 
that each additional group peer increased 
the odds of recently giving a used needle 
to others by 23.0% (p<0.001) and increased 
the probability of recently accepting a 
used needle by 8.00% (p=0.005).  In our 
model, PWID who injected daily had 3.68-
fold greater odds of recently giving a used 
needle to others (p<0.001) and 3.02-fold 
greater odds of recently accepting a used 
needle, (p<0.001) compared to those who 
injected less than daily.  Both perceived 
risk of HIV infection and having had a 
previous HIV test were not significantly 
associated with needle sharing, nor did 
they mediate the effect of knowledge on 
needle sharing;  therefore, they were ex-
cluded from the model (data not shown).  

Table 4 shows the adjusted multi-
variate odds ratios (exponentiated coef-
ficients) of consistent condom use for each 
predictor.  A higher HIV knowledge score 
was associated with 13.1% higher odds 
of consistent condom use (p=0.083).  HIV 
positive PWID had 1.50-fold higher odds 
of consistent condom use in the previous 
twelve months (p=0.072).  PWID who 
had sex with a commercial sex worker re-
ported 2.71-fold higher odds of consistent 
condom use (p<0.001) during the previous 
12 months.  The number of sex partners, 
age, and schooling were not associated 
with consistent condom use.  

DISCUSSION

In Vietnam, mass communication 
campaigns and peer education networks 
for PWID have highlighted HIV risks 
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associated with needle sharing and un-
protected sex. The literature on health 
education interventions for PWID has 
yielded mixed results, with some studies 
suggesting a reduction in risk behavior 
(Martin et al, 1990) and others finding little 
effect (Calsyn et al, 1992). Similar to other 
studies from Ho Chi Minh City (Hien  
et al, 2001) and Estonia (Wilson et al, 2007), 
participants in our study demonstrated a 
high level of knowledge about the specific 
HIV transmission risk of sharing needles 
(98.7%) and unprotected sexual inter-
course (96%) while reporting relatively 
high rates of sharing needles and having 
unprotected sex. 

While knowledge of specific HIV 
transmission risks did not necessarily 
translate to lower HIV risk behavior, our 
results suggest a broader, more holistic 
HIV knowledge is associated with lower 
HIV risk behavior. Specifically, in our 
study, a higher overall HIV knowledge 
score was associated with lower odds of 
having shared needles during the previ-
ous 3 months, and with lower odds of 
consistent condom use among unmar-
ried PWID. Multivariable adjustment 
revealed that the association between 
holistic knowledge and needle sharing is 
independent of HIV testing, drug treat-
ment programs, general education level 
or personal risk perception.   

There are several possible expla-
nations for this finding. Holistic HIV 
knowledge may provide PWID with a 
more nuanced comprehension about HIV 
transmission and better understanding 
of how their risk behavior fits within the 
broader context of the epidemic. An al-
ternative explanation may be that greater 
holistic knowledge is a reflection of other 
individual characteristics associated with 
lower risk behaviors. For example, indi-
viduals who can grasp both a broader 

and deeper awareness of HIV transmis-
sion may also have greater motivation or 
a better attitude toward HIV prevention 
behavior (Bazargan et al, 2000). Finally, 
those who have a greater holistic know- 
ledge may have received more-in-depth 
HIV programs conveyed over the course 
of multiple sessions, which increased the 
level of engagement with PWID. 

The marginal statistical significance of 
the association between knowledge score 
and sexual behavior in our study confirms 
extensive literature showing that sexual 
behavior may be more difficult to change 
than injecting risk behavior among PWID 
(van den Hoek et al, 1990; Peters et al,  
1998; Zhao et al, 2006; Yao et al, 2009), 
and suggests that HIV communication 
campaigns may need to be supplemented 
with additional, more intensive interven-
tion approaches, including peer network 
programs, to increase consistent condom 
use (Go et al, 2013).

Our study has some limitations. Our  
unit of knowledge measurement, the 
question item, represents an abstract 
quantity of knowledge. In our model, an 
increase in one unit of knowledge was 
associated with an approximately 20% 
lower odds of needle re-use, but it is 
not clear what quantity of health educa-
tion corresponds to a one unit increase 
in knowledge. True/false questions have 
been used in other studies of HIV know- 
ledge (Lindan et al, 1991; Phillips, 1993; 
Maswanya et al, 1999; Todd et al, 2007; Park-
er and Ruutel, 2010), but a more in-depth 
questionnaire with detailed questions 
might be more sensitive for quantifying 
HIV knowledge.  Since the distribution of 
respondent knowledge scores was cut off 
at the maximum score of 11, scores may be  
artificially similar (clustered around 11) 
than the true level of knowledge in this 
population, which means the magnitude of 
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the effect of HIV transmission knowledge 
may be underestimated in our model. It 
may be that respondents with a greater 
knowledge of HIV were also more inclined 
to appease investigators and be more likely 
to underreport risk behavior.  Finally, since 
this is cross-sectional data, we cannot be 
certain that HIV knowledge preceded 
changes to risk behavior, although we at-
tempted to mitigate this by restricting nee-
dle sharing to the previous three months, 
as has been done in other cross-sectional 
studies (Metsch et al, 2007).  With this de-
sign, the subjects’ total knowledge about 
HIV, harm reduction and risk behavior 
was assumed to accumulate over their life 
largely prior to the previous three months.  

Our study confirms broader health 
literature, showing that direct health 
knowledge does not necessarily trans-
late into changes in corresponding risk 
behavior (Gordon-Larsen, 2001; Jones et 
al, 1992).  However, our findings suggest 
that understanding HIV more broadly 
may be associated with lower HIV risk 
behavior.  Further research that can ac-
count for individual characteristics, social 
environment and past exposure to HIV 
prevention programs is needed to un-
derstand the mechanisms through which 
more comprehensive HIV knowledge 
may reduce HIV risk behavior.  A more 
comprehensive prevention strategy that 
includes multiple approaches and mes-
sages and supplements short, repetitive 
messages often delivered through mass 
communication may be a more effective 
approach to reducing HIV risk behaviors.   
Previous studies have shown the use of 
peer or network-oriented programs may 
have greater resonance and provide more 
powerful motivation to engage in risk 
reduction behavior (Medley et al, 2009) 
than messages delivered through mass 
communication (Bertrand et al, 2006).   
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