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ABSTRACT 
 
Purpose: While there is evidence that social vulnerabilities tend to co-occur with HIV, few studies have 
measured HIV vulnerability. To date, there is no consensus in the literature regarding how to measure 
or operationalize HIV vulnerability. Therefore, the purpose of this study was to determine an HIV 
vulnerability index in homeless persons in the city of Medellín, Colombia.  
 
Material and methods: This cross-sectional study included 338 homeless persons in the city of 
Medellín, Colombia, and time-location sampling was used. During the construction of the index, an 
exploratory factor analysis, and a confirmatory factor analysis (CFA) were performed.  
 
Results: Four factors accounting for 50,49% of the variance were identified. The population with high 
HIV vulnerability had a five-fold greater risk of being infected with HIV. This association was adjusted 
for socio-demographic variables including age, gender, civil status, and education level.  
 
Conclusions. We propose an HIV vulnerability index that is defined as the reduced ability to anticipate 
(knowledge and erroneous beliefs), resist (sexual practices and drug use), and recover (social support 
and rejection), which limits the ability to access HIV prevention, attention, and support services.   
 

Keywords: HIV; Vulnerable Populations; Social Conditions; Homeless Persons   

 
RESUMEN 
 
Objetivo. Se reconoce que las vulnerabilidades sociales tienden a ocurrir con el VIH, pero pocos 
estudios han tratado de medir la vulnerabilidad al VIH y no se logra identificar en la literatura la 
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unificación frente al concepto y la manera de operativizarlo. El objetivo de esta investigación fue 
determinar un índice de vulnerabilidad, y su relación con la infección por VIH en población habitante de 
calle de la ciudad de Medellín 
 
Material y método. Se realizó un estudio descriptivo transversal con 338 habitantes de calle de 
Medellín utilizando el muestreo de tiempo y lugar. En la construcción del índice se realizó un análisis 
factorial de tipo exploratorio y un análisis factorial confirmatorio.   
 
Resultados. Se identificaron cuatro factores que explicaron el 50,49% de la varianza. Se encontró que 
la población con alta vulnerabilidad al VIH tenía cinco veces el riesgo de tener VIH, esta asociación fue 
ajustada por variables sociodemográficas de edad, sexo, estado civil y nivel de escolaridad. 
 
Conclusiones. Se propone un índice de vulnerabilidad al VIH, el cual se definió como la reducción de 
la capacidad de anticiparse (conocimientos y creencias erróneas), resistirse (prácticas sexuales y 
consumo de drogas) y recuperarse (apoyo social y rechazo). Lo cual  limita la capacidad para acceder 
a servicios de prevención, atención, y apoyo al VIH. 
 

Palabras clave: VIH; Poblaciones Vulnerables; Condiciones Sociales; Personas sin hogar (Términos 

DeCs)  
 
 

INTRODUCTION 
 
Human immunodeficiency virus (HIV) remains a major global public health issue. It is 
estimated that HIV has been the cause of death of around thirty six million people, 
and, in the year 2012, it was estimated that thirty five million people were infected with 
HIV (1). In Colombia, the HIV epidemic affects, in first place, the younger population in 
the age range of 15 to 34 years, with 56,5% of the cases notified by HIV/AIDS and 
death. In second place, the adult population older than 45 years of age accounts for 
15,2% of the reported HIV cases (2). 
 
The initial and fast propagation of the HIV/AIDS epidemic occurred independently of 
socioeconomic and demographic status, since it progressed simultaneously in both 
developed and developing countries. However, the similarities in this pattern were lost 
once developed countries were able to more efficiently contain the spread of the 
disease, while developing countries continue to suffer its devastating and severe 
effects (3). 
 
Initial analysis of the HIV/AIDS epidemic stemmed from a biologic approach, focused 
on individual behavior and describing specific at-risk populations (4,5). Following these 
criteria, surveys on individual behavior constituted the basis to identify what would be 
classified as a risk factor (6,7). In order to understand the behavior of the HIV/AIDS 
epidemic, it was subsequently understood that, in addition to the individual behavior, 
life context played a fundamental role (8,9), and risk factors were configured as social 
problems and were referred to as “risk behaviors”. However, due to the lack of a broad 
understanding of the social and cultural context of the population at risk for HIV 
infection, the scope of this approach was limited (3).  
 
In recent years, models including previously ignored elements have analyzed specific 
populations to understand HIV beyond individual conditions, and taking into account 
the social and cultural context, which may increase risk of infection (10). Since then, 
groups vulnerable to HIV/AIDS were defined as those formed by individuals that 
engaged in risky behaviors, or that they did not protect themselves properly (11). As the 
disease propagated, however, vulnerable groups were defined by their ability to 
protect themselves from risky behaviors, and that ability is tightly related to social, 
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cultural, and demographic conditions (12). In other words, HIV infection was recognized 
as a source of social vulnerability, which had greater consequences in those groups 
facing disadvantages (13).  
 
While there is evidence that social vulnerabilities tend to co-occur with HIV, few 
studies have measured HIV vulnerability. To date, there is no consensus in the 
literature regarding how to measure or operationalize HIV vulnerability (14). In this 
study, we propose an HIV vulnerability index in homeless persons, based on the 
individual and social components described by Ayres and colleagues (15). Within the 
individual dimension are included beliefs, knowledge, and attitudes; while the social 
dimension includes social networks, use of drugs, rejection, discrimination, and social 
support (15). Additionally, categories described in the AVEO (Activos, Vulnerabilidad 
social y Estructura de Oportunidades) model, which proposes to broaden the 
perspective on the poverty issue (16). In this way, vulnerability is defined as the 
interrelation between two levels: the structure of opportunities (prior knowledge, drug 
use, and social support), and the assets (negotiation skills and not engaging in risky 
behaviors). Therefore, we designed and validated an HIV vulnerability index for 
homeless persons that may contribute to the identification, prevention, and control of 
this epidemic.  
 
This manuscript is part of a doctoral thesis where this concept was designed and the 
HIV prevalence in the homeless population was established (17). 
 
MATERIALS AND METHODS 
 
A cross-sectional study was performed by conducting a survey on a population sample 
of 338 homeless persons who lived in Medellín (Colombia) during the first semester of 
2014. Our survey was designed and based on thorough literature review, and analysis 
of previous studies measuring HIV vulnerability (15,18–20), based on which we selected 
index indicators, and identified the study’s constructs (content).  
 
We used a direct survey method, and the instrument consisted of a questionnaire 
comprising demographic and social questions for homeless persons, as well as an HIV 
test, for which informed consent was obtained. An experienced HIV and STD 
counselor conducted the interview. The questionnaire was applied to homeless 
persons using time-location sampling (TLS), which is used to gather information on 
hard-to-reach populations.  
 
To calculate the sample size, we used the following estimates: 1) a population of 3.381 
homeless persons as reported by the 2009 census of Medellín (21), 2) a 7.8% 
proportion of HIV infection in homeless persons (22), 3) a 1,5% design effect, and 4) a 
precision of 4%. The Institutional Ethics Committee of CES University, Medellín, 
Colombia (Minute No. 55, 2013), approved this study. 
 
During the construction of the index, we conducted an exploratory factor analysis, 
using principal component analysis with varimax rotation. The qualitative variables 
were previously transformed by the optimal quantification method, and Cronbach’s 
alpha was calculated for each of the identified factors.    
 
HIV vulnerability index: HIV vulnerability index interpretation was performed as 
described by Grisales (23,24). The index was typified in a way that the range of possible 
values was from a minimum of X=0 to a maximum of X=100, and with a higher score 
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meaning a greater HIV vulnerability index. Typification was performed knowing the 
lowest (Z min) and greatest (Zmax) component value.  
 
In addition, a confirmatory factor analysis (CFA) was performed, in which construct’s 
factor weight, standardized estimates, and goodness-of-fit were analyzed using 
maximum likelihood estimation. The main goal of the CFA was the grouping of 
categories according to the variability that each variable shared with the other 
variables (25). 
 
Finally, a multivariate binary logistic analysis model was performed using as a 
dependent variable HIV status (to have or not to have HIV infection) in order to identify 
the strength of association to the HIV vulnerability index, and was adjusted by socio-
demographic variables. These analyses were performed using SPSS 21.0 software, 
licensed to CES University. 
 
RESULTS 
 
Demographic characteristics 
 
A total of 338 homeless persons were surveyed on the street. Their age ranged from 
18 to 65 years old, with an average of 40,0 ± 11,4 years. Half of them (50%) were 41 
years or older, and 75% of the participants was 50 years old or younger. The highest 
level of education among participants was elementary school, suggesting that this 
population mostly had a basic level of education. The most frequent marital status was 
single (241 of 338; 71,3%,), followed by separated or divorced (16,3%), domestic 
partners (8,6%), and married (2,7%). Regarding gender, women were seven-fold more 
likely to be in a domestic partnership than men, while men were predominantly single, 
separated or divorced. HIV prevalence was 8,15% (CI 95% 3,92 - 12,37).       
 
Survey and indicator construction 
 
During survey development, we analyzed the following 45 indicators: 1) 19 items from 
previous studies (26, 27) that were used to reliably score HIV knowledge (Cronbach’s 
alpha = 0.94), and adequate psychometric properties measured by exploratory factor 
analysis; 2) risky sexual behavior variables, previously studied in homeless 
persons(22); 3) scale on drug use frequency, applied on the Drug abuse Surveillance 
System (VESPA: Vigilancia epidemiológica del abuso de sustancias psicoactivas), and 
4) Social networks that support homeless persons, as well as rejection and 
discrimination towards homeless persons were also analyzed (table 1). 
 
Table 1. Exploratory factor analysis. Construction of HIV vulnerability index  

Variables 
Knowledge, 
beliefs and 
attitudes 

Drug use 

Social 
network 

and 
rejection 

Sexual risk 
behavior 

HIV is transmitted by:  
(Erroneous knowledge) 

        

Having unprotected sex 0.92       

Blood transfusion 0.88       

Using someone else's needles 0.88       

Having only one partner 0.83       

Not using used needles 0.82       
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Abstaining from sexual intercourse 0.81       

Always using a condom 0.77       

From infected mother to child 0.73       

Having oral sex 0.60       

Removing the condom 0.56       

Breast feeding 0.56       

There is HIV reinfection 0.55       

HIV is transmitted by:   
(erroneous beliefs) 

  

Shaking hands or hugging 0.85       

Using public toilets 0.74       

Sharing silverware 0.73       

Kissing a person infected with HIV  0.71       

Sharing a meal 0.67       

Mosquito bites 0.51       

You think that a person with HIV  
(attitude towards HIV) 

  

May be infected with HIV and look good 0.73       

Frequency of drug use   

Mushroom use   0.77     

Popper use   0.75     

“Cacao sabanero” use    0.73     

“Ruedas” use   0.71     

Cocaine use   0.54     

Inhaled drug use   0.47     

Marihuana use   0.39     

Rejection   

You have been mistreated at health care 
services 

    0.46   

You have been despised, rejected or 
offended 

    0.44   

You have suffered abuse or mistreatment 
because you are homeless 

    0.42   

Received support   

You have someone else's support     0.8   

You have support in case of being mistreated     0.83   

You have support in case of having HIV     0.83   

Condom use   

Use of condom during oral sex       0.66 

Use of condom during penetrative sex       0.64 

Use of condom during vaginal sex       0.6 

 
Index description  
 
Four factors explaining variance were identified: 1) “knowledge, beliefs, and attitudes 
about HIV”, 2) “Drug use”, 3) “Rejection, discrimination, and lack of social networks”, 
and 4 “Risky behavior” which explained the variance in 29,9%, 8,6%, 6,6%, and 5,3%, 
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respectively (Table 1).  Data were analyzed by Kaiser-Meyer-Olkin (KMO) test, which 
is a measure of the variance among variables that indicates adequate sampling when 
returning a value close to 1. KMO test on our data resulted in a value of 0,91, 
indicating that there is an adequate relationship among the study variables. 
Furthermore, Bartlett’s Test of Sphericity –which checks for applicability of PCA on the 
studied variables - was statistically significant (P< 0,00). The four factors explained 
50,49% of the HIV vulnerability construct variance.  
 
Internal consistency  
 
Our HIV vulnerability index showed an adequate internal consistency, as evidenced by 
a Cronbach’s alpha of 0,86. This was further evidenced by sub-scale Cronbach’s 
alpha of 0,95 for knowledge, beliefs, and attitudes about HIV factor; of 0,75 for drug 
use factor; and of 0,6 each for risky behaviors, and social networks factors.    
 
HIV vulnerability concept 
 
Once we had constructed the vulnerability index, and performed a thorough literature 
review, a new proposal was designed based what had been reported for vulnerability 
and environment (28), which considers that vulnerability results when relationships 
between living beings and physical environment threatens the stability that guarantees 
the ability to anticipate, resist, and adapt, or evolve with natural phenomena.   
 
The three categories –ability to anticipate, resist, and adapt- were used and adapted to 
the observed variables included in our vulnerability index. HIV knowledge and 
erroneous beliefs variables, which had been previously described as HIV prevention, 
were designated as anticipating the infection. Drug use and no condom use items 
were grouped, and the latent variable was described as resisting. Finally, lack of social 
support, being rejected and discriminated, constituted the ability to adapt to HIV 
infection category.  
 
In order to better understand the reality and observed phenomena in our study, the 
new theoretical model, shown in Figure 1, was subjected to PCA analysis, and 
provided statistical measures to show the extent to which our sample data supported 
the proposed HIV vulnerability index (Figure 1). PCA model was statistically 
significant, and met the specific measurements requirements. The model was 
specified by using as endogenous variables the observed variables, and, as 
exogenous variables the item errors, and as the latent variables the three proposed 
factors (anticipate, resist, and adapt). 
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Figure 1. CFA model for HIV vulnerability concept  
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In order to determine whether the proposed model satisfactorily fit our data, the 
Comparative Fit Index (CFI) was calculated and a value greater than 0,90 was 
obtained, indicating a good fit of the proposed model (CFI range 0-1). Similarly, the 
Root Mean Square Error of Approximation (RMSEA) was examined and yielded a 
value ≤0,05 (the lower the value, the better the fit), further confirming the good fit of the 
model.      
 
In summary, the proposed model exhibits a good fit and presents admissible levels of 
data adjustment. Additionally, all of the tested parameters were statistically significant. 
Therefore, in the present study the HIV vulnerability index is defined as the reduced 
ability to adapt (lack of the required knowledge to protect oneself and erroneous 
beliefs), resist (risky sexual behavior and drug use), and recover (lack of social 
support, rejection and stigmatization that disfavor certain populations) limiting their 
ability to access HIV prevention, attention, and support services (Figure 2).    
 
Figure 2. Model for HIV vulnerability  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
HIV vulnerability index scoring 
 
Initially, three categories were considered for HIV vulnerability analysis (low, medium 
and high). However, a very low proportion was obtained for the “low” category, thus we 
proceeded to merge the low and medium category. The low-medium category (60,1%) 
category was then compared to the high (39,9%) HIV vulnerability category, being the 
latter designated as reference category.  
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Association between HIV and HIV vulnerability 
 
In order to adjust for risk of having HIV with the created HIV vulnerability variable, a 
multivariate logistic regression analysis was performed. The population with high HIV 
vulnerability had a five-fold greater risk of being infected with HIV (RPaj=4,51 [1,28-
15,79]). This association was adjusted for sociodemographic variables including age, 
gender, civil status, and education level (Table 2).      
 
Table 2. HIV infection and HIV vulnerability (Modelo ajustaded for socio-
demographic variables)  
 

Variable 
RP 

crude 
CI 95% 

RP 
adjusted 

CI 95% p value 

Vulnerability  
     

    High 3,2 1,05-9,78 4,51 1,28-15,79 0,01 

    Low-Medium 1 - 1 - 
 

Gender  
     

   Female 2,98 0,98-8,95 2,24 0,59-8,48 0,19 

   Male 1 - 1 - 
 

Age 

     ≤ 40 years 2,02 0,66-6,17 1,26 0,36-4,30 0,71 

> 40 years 1 - 1 - 

 Civil status 

        Single 5,13 1,55-16,99 6,73 1,54-29,35 0,01 

   Other 1 - 1 - 

 Education level 

         High school 2,79 0,96-8,13 3,99 1,16-13,66 0,02 

    Elementary 1 - 1 -   
 
 
DISCUSSION 
 
While there is evidence that HIV infection tends to co-occur with social vulnerabilities 
(29), few studies have measured or explained the way in which vulnerability patterns 
contribute to risk of infection. Thus, in this study, we have designed, validated, and 
proposed an HIV vulnerability index for homeless persons. This index integrates 
previously described components including: appropriate knowledge, erroneous beliefs, 
and attitudes about HIV, social network support, rejection and discrimination, drug use 
frequency, and condom use; which may facilitate the guiding of actions in difficult 
contexts, such as that experienced by homeless persons.        
 
In Colombia, the homeless population is not prioritized as being at risk of HIV infection. 
However, this study has identified a prevalence of HIV infection of 8,1% among this 
population (17), which, due to the concentrated nature of the HIV/AIDS epidemic in 
Colombia (30), require the identification of risky behaviors that may allow the 
determination of the contribution of such groups to the current and future HIV epidemic 
profile (31).  
 
In Mexico, a study based on degree of vulnerability explored the Rogers model (32), 
and compared personal resources and environmental support to quantify vulnerability. 
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This identified the study population as being very sensitive. The comparison of the risk 
approach and the one proposed here showed important differences, however it did not 
allow ascertaining which one was better. Regarding the research carried out in 
Medellín, variables for social support, appropriate knowledge to prevent HIV infection 
were also included.      
 
In Chile, a vulnerability scale was proposed for health care workers, and was 
constituted by four dimensions: knowledge of intrinsic vulnerability, knowledge of 
extrinsic vulnerability, experience of vulnerability, and perception of patient’s 
vulnerability (33). In our model for homeless persons, knowledge on HIV prevention was 
used as one of the components to determine whether it was associated to engaging or 
not in risky behaviors, and significant differences were found especially in regards to 
erroneous beliefs about HIV transmission, which may increase rejection of people with 
HIV due to the lack of understanding of how HIV is transmitted. 
 
Using the conduct model, a study suggested that social vulnerability may be reduced if 
homeless persons are able to find a permanent home, improve their mental health, 
and abstain from drug abuse (20). The two latter categories were used in the proposed 
HIV social vulnerability model, and are highly associated to presence of HIV infection.    
 
The amplified model for vulnerable populations incorporates traditional factors 
described in the Andersen model (34, 35), and includes specific vulnerabilities common 
to homeless persons, such as drug abuse, mental illness, and barriers to health care 
access. These three components are similar to those observed in our exploratory 
analysis in which the three determinant factors were drug abuse, perception of disease 
–including mental health-, and as a third factor lack of social and family support, which 
was described by others in the context of HIV vulnerability (11, 36, 37). 
 
The vulnerability of a population to HIV stems from social processes, and the 
underlying causes may be directly related to the final outcome, HIV transmission. 
Based on disaster theory, a model proposed that vulnerability to risk is determined by 
three factors: 1) the population’s ability to recover, or the ability of people to resist and 
recover, 2) population health and availability of health care services, and 3) population 
preparedness. The latter refers to the social values and beliefs that determine what 
should be considered as a risk, and, in turn, what protection measures should be 
taken. In addition, this model observed that populations with greater HIV prevalence 
are those in which social inequality persists, and the helpless are victimized (38). Those 
three factors were analyzed in the model we propose for homeless persons in 
Medellín, and found a high internal consistency, indicating a relationship between 
variables.  
 
The study by Higgins and colleagues (39) suggested that the use of the term 
“vulnerability” marks the transition from an individual approach to HIV risky behaviors 
towards an approach that goes beyond individual control. Similarly, our current study 
identified an index that includes risky behaviors and social factors as lack of social 
support, rejection and discrimination, which limit the decision-making ability.   
 
According to UNAIDS, the underlying factors of vulnerability may reduce the ability of 
individuals and the community to avoid risk of HIV, which may be beyond the control of 
individuals. These underlying factors are, among others, lack of knowledge and skills 
to protect oneself and others; accessibility, quality, and coverage of health care 
services; and social factors such as violation of human rights, or certain social and 
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cultural norms (40). With this definition as a starting point, we initiated the analysis of 
HIV vulnerability presented in this study, and were motivated to pursue a systematic 
review on the subject (14), which, altogether, generated an HIV vulnerability concept 
that is intended to be applied to other populations.       
 
On another hand, Ayres et al. [ref] defined vulnerability as the different degree and 
nature of susceptibility of individuals and communities to infection or illness, which 
depend on their situation relative to the integrated group of social and individual 
aspects that place them in relation to the problem and to the resources to face it (41, 42). 
This author specifies that the three components of HIV vulnerability are individual, 
social, and pragmatic factors, even though the latter is seldom analyzed in studies 
using this model (18, 43, 44). In other words, while it is recognized that pragmatic factors 
may influence HIV vulnerability, its measurement is complex, and in the case of the 
present study, identification of contextual variables related to the proposed index was 
not possible, since the study population was highly concentrated in some areas and in 
one township.   
 
The interpretation of HIV vulnerability has been focused towards the understanding of 
the complex network of social factors that are constantly interacting with HIV risky 
behaviors. A key issue in the HIV literature is the relationship between social 
disadvantages and AIDS vulnerability (45), which should be matter of additional studies 
in order to guide public health actions.   
 
This study presents limitations that, while they may generate restrictions to the 
observed results, they do not invalidate them. Among the limitations of this study are: 
data were generated from a self-reported survey on sexual practices and drug use, 
which may lead to inaccuracies and thus depends on the participant’s honesty. Due to 
the nature of the study design, it is not possible to assess cause and effect 
associations between HIV infection and HIV vulnerability. In cross-sectional studies, 
event and exposure data are measured simultaneously, and TLS is a non-probabilistic 
sampling method, which must meet specific criteria for the sample to be 
representative(46). 
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