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Abstract 

 

Background  

HIV drug resistance is presumed to be inevitable due to the error-prone nature of the virus. 

However, poor adherence to the antiretroviral drugs is proven to be an impending factor for 

HIV drug resistance development. Of these two explanations, which is the most common 

reason for HIV drug resistance?  

Methods  

A total of 40 published studies about HIV drug resistance, were retrospectively collected in 

Pubmed (May 2017), from 36 different countries for this paper. From each study was 

participants, percentage of HIV drug resistance and HIV-1 subtype extracted for analysis. All 

studies were than classified by either high-income, middle-income or low-income, based on a 

country income status, defined by the World Bank. HIV drug resistance was tested against: 

continents, HIV-1 subtypes, number of study participants, income levels, GDP per capita and 

EWI’s. All statistical analysis was performed in R: The R project for statistical computing.  

Results 

This paper show, that HIV drug resistance primarily is caused by poor adherence which is 

closely associated with drug stock out. Highest HIV drug resistance levels was found in 

middle-income countries. However, number of participants enrolled per study was important 

for the outcome and this indicates that HIV drug resistance would be higher in low-income 

countries if larger studied had been carried out in these settings. This means that there is a 

large unrecorded prevalence of HIV drug resistance in low-income countries. 

Keywords: Error-prone, Poor adherence, Early warning indicators.  
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Introduction 

The idea behind my paper started when I read the course HIV - with focus on the individual 

from a global perspective at the Karolinska Institute during spring 2017. Briefly, we 

discussed drug resistance to antiretroviral drugs and I immediately became interested. I 

started to update myself on the subject and found conflicting ideas about the cause for 

resistance. HIV drug resistance is presumed to be unavoidable due to the error-prone nature 

of the virus, even if medication is taken with appropriate adherence16. However, poor 

adherence to antiretroviral drugs is also suggested to be an impending factor for development 

of HIV drug resistance4.  

Antiretroviral drugs are acting as a strong selection pressure selecting for resistance. If HIV 

drug resistance is caused by the error-prone nature of the virus, then the prevalence of 

resistance should be highest in high-income countries where the antiretroviral drugs are most 

available (Figure 1)? On the other hand, if HIV drug resistance instead is caused by poor 

adherence, then the prevalence of resistance should be highest in low-income countries were 

the risk of poor adherence is highest (Figure 1)? The aim of this study is to test which of 

these two hypotheses for development of HIV resistance. 

 

Figure 1. Visualize the hypothesis. HIV drug resistance is either caused by the error-prone nature of the virus and highest 
levels of HIV drug resistance should then be found in high-income countries, or caused by poor adherence to antiretroviral 
drugs and highest levels of HIV drug resistance should then be found in low-income countries.  

HIV drug resistance, threatens the effectiveness of the antiretroviral therapy for treatment and 

preventing further transmission of HIV. At the end of 2015 there were approximately 36.7 
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million people living with HIV worldwide. Fortunately, since the introduction of 

antiretroviral therapy HIV related mortality and morbidity have decreased significantly1. In 

several high-income countries, HIV has become a chronic disease2, with moderate impact on 

life quality27. However, in many medium, and low-income countries, HIV is still highly 

endemic and fatal27. Worldwide, only 46 percent of all people living with HIV are receiving 

antiretroviral therapy, which is a contributing factor to the uneven development3. 

Nevertheless, great progress has been achieved through the antiretroviral drugs, but this 

success is now threatened by the increasing prevalence of HIV drug resistance. 

HIV drug resistance can be transmitted directly through infection, but does most commonly 

arise de novo during viral replication in presence of antiretroviral drugs. The HIV-1 reverse 

transcriptase is error-prone by nature, and replicate 10.000 to 100.000 times per day in absent 

of antiretroviral drugs. In the presence of antiretroviral therapy viral particles should be 

suppressed to undetectable genotyped levels. However, due to the error-prone nature of virus 

replication, drug use can select for mutations conferring resistance to the antiretroviral 

drugs4,5. In a continuing replication during drug treatment, resistant viruses can reproduce 

while the HIV-1 wild type will fail to replicate. This leads to an increase of the fraction of 

virions over time4,6. 

The World Health Organization (WHO) recommend, two Nucleoside Reverse-Transcriptase 

Inhibitors (NRTI’s) and a Nonnucleoside Reverse-Transcriptase Inhibitor (NNRTI) or an 

Integrase Inhibitor (INSTI) as the first-line antiretroviral therapy for adults. If one or several 

antiretroviral drugs would fail to induce viral suppression, second-line antiretroviral therapy 

should be implemented instead. Viral load suppression failure may occur due to non-

adherence, and can be caused by drug-related toxicity, social and cultural barriers, 

forgetfulness, a lack of understanding of treatment benefits, or inconvenient drug regimens 

with high pill burden5,19. Recommendation for second-line antiretroviral therapy for adults 

should consist of two NRTI’s and a ritonavir-boosted Protease Inhibitor (PI)7. The 

recommendation to use three or more drugs in therapy is to minimize the likelihood that the 

virus will develop resistance to all drugs simultaneously8. However, cross-resistance to all 

drugs within a class occurs frequently. This is especially problematic in NNRTI’s, due to 

their lower genetic barrier for rapid evolution of drug resistance5. The genetic barrier to 

antiretroviral drugs can be defined as the number of genetic mutations required to develop 

resistance. Drugs classified as low genetic barrier only need to fail once, for the virus to 

develop mutations with high-level resistance. Meanwhile, drugs classified as high genetic 
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barrier requires several drug failures before the virus can develop drug resistance. Some PI 

drugs are high genetic barriers meanwhile several NRTI’s and NNRTI’s drugs are low 

genetic barriers to develop drug resistance4,29. 

Prevalence of HIV drug resistance was in 2010, 12.9 percent in North America, 10.9 percent 

in Europe, 6.3 percent in South America, 4.7 percent in Africa and 4.2 percent in Asia13,14. 

The low levels of HIV drug resistance could be associated with less antiretroviral therapy 

coverage in Africa and Asia. However, since 2010 an antiretroviral drug scale-up in resource 

limited countries has been carried out. The African region increased their antiretroviral 

therapy coverage from 21 percent to 47 percent in 2015. Similar progress was seen in South 

East Asia, their antiretroviral therapy coverage increased from 20 percent to 39 percent in 

201515. HIV drug resistance prevalence increased from 4.8 in 2007 to 6.8 in 2010, in low-and 

middle income countries20. Meanwhile a downward trend in HIV drug resistance is seen in 

high-income countries14,21.  

One of the targets, in the WHO’s global HIV drug resistance surveillance and monitoring 

strategy, is the annual monitoring of Early Warning Indicators (EWI) to HIV drug resistance. 

The EWI’s consist of six different targets shown to be associated with HIV drug resistance. 

These are, appropriate prescribing practices, loss to follow-up at twelve months (LTFU), 

retention at twelve months, on-time pill pick-up, on-time appointment keeping and drug stock 

out16. The aim is to examine national and regional EWI prevalence estimates to compare 

performance over time within and across regions. Color-coded scores cards (performance 

strata), to visualize clinic performance, was used to facilitate identification of gaps in service 

delivery. In the 2016 report, more than 12.000 clinics from cohorts of patients receiving 

antiretroviral therapy, from 59 countries reported data between 2004 and 2016. Globally, 

results showed high levels of appropriate antiretroviral drug prescribing with 99 percent of 

people prescribed regimens according to international HIV treatment guidelines and LTFU at 

12 months during the same period averaged 20 percent, exceeding the WHO-recommended 

target of 15 percent. Retention on antiretroviral therapy at 12 months averaged 73.5 percent, 

falling short of the WHO-recommended target of more than 85 percent. Adherence, as 

estimated by on-time pill pick-up and on-time appointment keeping, fell below global targets. 

Only 1150 clinics monitored drug stock outs and 35.7 percent had at least one drug stock out 

routinely during respective reporting year, thus failing the WHO-recommended target of no 

antiretroviral drug stock outs. Regionally, data showed variation and once again was none of 
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the set targets fulfilled16. This indicates that all geographical regions should have high risk of 

HIV drug resistance.  

The effectiveness of antiretroviral therapy and development of HIV drug resistance is 

strongly associated with poor adherence4,9,10. WHO, among others, advocates that HIV drug 

resistance is inevitable because of the error-prone characteristic of the virus, even among 

individuals taking antiretroviral therapy with appropriate adherence6,11,12,18. As mentioned 

earlier, HIV drug resistance levels, has shown to be high in North America and Europe15. The 

question is if this is because these regions have higher income levels, which generate wider 

availability to antiretroviral drugs27, and therefore have a larger population exposed to 

antiretroviral therapy that can lead to HIV drug resistance? Or if drug resistance is due to 

poor adherence to antiretroviral therapy, shown by EWI’s?  In the latter case, HIV drug 

resistance should be higher in low-income countries where the EWI’s are likely to be least 

achieved? In this paper, estimates of HIV drug resistance from 40 studies in different 

geographical settings, were tested against the variables: continents, income levels, GDP 

(Gross Domestic Product) per capita, HIV-1 subtypes, participants and EWI’s. The aim is to 

evaluate which of the variables that are causing HIV drug resistance and see if the result is 

associated with the characteristics of the virus or the poor-adherence to antiretroviral drugs.  

Material and methods 

Eligibility criteria 

A literature search was carried out in Pubmed April 2017. The search terms used were: “HIV 

drug resistance” or “HIVDR” with no time limit and all fields included. All published studies, 

written in English, between 2005 and 2017, that had performed a genotyped analysis, 

alternatively a low-frequency genotyping analysis, provided data of HIV drug resistance were 

considered. Studies would preferably have different origin to increase the geographical 

distribution. If several studies were published from the same country, the first study that met 

the eligible criteria was included. Studies were excluded if HIV drug resistance could not be 

calculated among the study-participants (since the research question concerns HIV drug 

resistance, specifically), or, if a study had a defined population like children/adolescents, 

pregnant women, men who have sex with men or people who inject drugs (since specific 

target groups were not important for the research question) or, if more than one study was 

found from the same country (the idea was to collect as many studies from different countries 

as possible) or, if the study was published before 2005.    



8 

 

Method 

The literature search found a total of 1.308 published studies. Of these were 1069 studies 

published after 2005 and 40 of these fulfilled the eligible criteria and were collected for 

analysis. The collected studies were then divided into continental origin to visualize the 

geographical distribution. Ten studies were from Africa, nine from Asia, seven from Europe, 

eight from Latin America and six from North America. Each study represents a unique 

country except for North America with three studies from the United Sates and three studies 

from Canada. This means that, Canada and United States were defined as North American. 

Mexico, Cuba, Puerto Rico, Guatemala and Nicaragua were defined as Latin American 

countries. The aim was to collect as many studies with different origin as possible to increase 

the geographical distribution.  

From each study, participants, percentage of HIV drug resistance and HIV-1 subtype was 

extracted for analysis. All studies were classified as either high-income, middle-income, or 

low-income, based on a country income status, defined by the World Bank17. The GDP per 

capita for each country, collected from the World Bank17, was also extracted for analysis. 

WHO’s defintion of EWI’s to HIV drug resistance consists of six risk targets, namely: 

prescribing practice, LTFU, Retention on ART, On-time pill pick-up, On-time appointment 

keeping and drug stock out. These EWI’s were used as a varaible for poor adherence in the 

statistical analysis. Specifically, data from the 2016 report was used in this paper16. In the 

report, data was presented through the following regions: Americans, Europe, West Africa, 

Central Africa, East Africa, South Africa, South East Asia and Western Pacific. Data of HIV 

drug resistance from the 40 included studies, were later reclassfied from continents to match 

these regions befor statisctical analysis were perfromed.  

Statistical analyses  

R: The R project for statistical computing28 was used for all statistical analyses. HIV drug 

resistance data from the 40 studies was log transformed before statistical analysis. HIV drug 

resistance was analyzed as a function of income and log number of participants per study 

with a linear model. Log HIV resistance was also analyzed as a function of income levels in 

an ANOVA. Results met the assumption of homogeneity of variance and a Tukey’s Honestly 

Significant Difference (HSD) post hoc test was used to test differences among income levels. 

HIV drug resistance was also compared among continents with an ANOVA. Log HIV drug 

resistance was also analyzed between HIV-1 subtypes with an independent samples t-test. I 
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also analyzed Log HIV drug resistance as a function of GDP per capita with a linear 

regression. Finally, the correlations among HIV drug resistance and all EWI’s were tested 

with Pearson correlation tests.  

Results 

After systematically reviewing 1069 published studies based on the eligible criteria, 40 

studies from 36 different countries were included in the analysis. Table 1 shows the 

characteristics of the 40 studies. Ten studies were collected from Africa, nine from Asia, 

seven from Europe, eight from Latin America and six from North America. The European 

studies included the highest number of participants per study, while the Latin American 

studies had the lowest number of participants, closely followed by the African studies with 

the second lowest number of participants (Table 1). HIV drug resistance was highest among 

the Asian- and Latin American participants and lowest among the North American- and 

European participants (Table 1). Several HIV-1 subtypes were found, but subtype B and 

subtype C were by far the most common ones (Table 1). Subtype B was seen in all continents 

except for Africa, where subtype C was most dominant. Income levels were classified as low-

income, middle-income and high-income. Five were defined as low-income countries and 

located in Africa, twenty-one were defined as middle-income countries and were primary 

located in Asia and Latin America. Fourteen were defined as high-income countries and were 

primary located in North America and Europe (Table 1).   

Table 1. Characteristics of the primary data. 

 Africa Asia Europe 

North 

America 

Latin 

America 

No. of studies 10 9 7 6 8 

No. of participants 1.832 9.436 21.289 5.900 1.640 

HIV drug resistance (log) 1.20 1.42 1.10 1.13 1.22 

Subtype: no. of studies      

A 2     

B  3 5 6 7 

C 3 2    

CRF01_AE  2    

CRF02_AG 3     

F1   1   

G 1     

Income level: no. of studies      

Low-income 5     

Middle-income 5 7 2  7 

High-income  2 5 6 1 
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There was a significant difference in log HIV drug resistance among countries with different 

income levels (Table 2). However, the analysis could not show any significant par wise 

difference in the Tukey post hoc test following the ANOVA. 

Table 2. ANOVA of log HIV drug resistance and income levels. 

 Sum Sq Df F value Pr(>F) 

Income levels 2 0.80 0.40 3.56 <0.038 

Residuals 37 4.16 0.11   

 

The graphical result showed that middle-income countries had the highest amount of HIV 

drug resistance and high- and low-income countries had the lowest amount (Figure 3). Low-

income countries also had the largest CI. A HDS post hoc test showed no statistically 

significance difference between the different income levels. Closest to a statistically 

significance result was between high-income and middle-income (p> 0.0756).  

 

Figure 3. Mean log HIV drug resistance ± 95%CI for countries with different economic status. None of the pairwise 
comparisons were significant with Tukey post-hoc test.  
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For each country, HIV drug resistance and GDP per capita was tested. The results showed no 

statistically significance (b=0.000005, t=-1.67, p>0.1, Linear Regression). 

HIV-1 Subtype B and subtype C were the most common strains and with 60 percent, and 14 

percent of all observations, respectively. There was no statistically significant difference in 

drug resistance between the subtypes (t = -0.90, df= 5.5, p-value > 0.4, t-test) 

There was no significant difference for HIV drug resistance between continents (F4,35 = 1.01, 

p>0.05, ANOVA).    

Log transformed levels of HIV drug resistance were also analyzed as function of the log 

transformed number of participants, income levels and the interaction between log number of 

participants and income levels using a general linear model. The adjusted R-squared were 

0.44, which indicates that almost half of the variation in HIV drug resistance is explained by 

income levels and number of participants in the study.  

Table 3. ANOVA of log HIV drug resistance, log participants and income levels. 

 
Sum Sq Df F Value Pr(>F) 

log (Participants) 5.28 1 13.9 <0.001 

Income levels 2.37 2 3.13 0.056 

log (Participants): income levels 3.94 2 5.21 0.010 

Residuals 12.8 34 
  

 

Middle-income countries, with moderate number of participants had the highest percentage of 

HIV drug resistance (Figure 4). The regression line is negative for middle-income countries, 

which indicate, the studies with many participants show a lower percentage of HIV drug 

resistance. The opposite is shown in low-income countries. Studies with few participants in 

low-income countries show lower levels of HIV drug resistance and studies with many 

participants have a higher level of HIV drug resistance. High-income countries also have a 

negative regression line where studies with many participants have lower levels of HIV drug 

resistance. 
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Figure 4. Scatterplot illustrating mean log HIV drug resistance as a function of log participants for low-, middle- and high-
income countries.  

The six different EWI’s and HIV drug resistance was tested with a Pearson correlation tests. 

Drug stock out was the only EWI that was significantly positively correlated with mean HIV 

drug resistance (p < 0.006, Pearson Correlation). The target set for drug stock out was zero, 

but no region achieved this target in the 2016 global report (Table 4). Western Pacific and 

South East Asia had the highest frequency of drug stock out, and also the highest mean 

values for HIV drug resistance. The mean HIV drug resistance for South East Asia is based 

on four studies, all defined as middle-income countries (Table 4). The mean HIV drug 

resistance for Western Pacific is based on five studies, where three studies are defined as 

middle-income and two as high-income countries (Table 4).  
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Table 4. Data from the WHO annual report of Early Warning Indicators, 201616. Values are percentage of clinics meeting 
targets and mean HIV drug resistance from the 40 studies. Each target has different criteria for target achievement.  

Region 

Prescription 

practice 

>100 % 

LTFU 

<15 % 

Retention 

to ART 

>85 % 

On-time 

Pill pick-

up >90 % 

On-time 

appointment 

keeping >80 % 

Drug stock 

out 0 % 

HIV drug 

resistance 

mean 

Americas 40% 67.3% 52.2% 28% 40.9% 58.6% 1.19 

Europe  87.9% 87.9% 48.5% 63.6% 93.9% 72.7% 1.10 

Western 

Africa 61% 20.8% 18% 7.7% 24% 60% 1.25 

Central 

Africa 96.9% 35.1% 19% 3.8% 30.1% 56.3% 1.25 

Eastern 

Africa 89.4% 60.6% 26.5% 2.3% 19% 60.1% 1.21 

Southern 

Africa 88.7% 51.3% 33.3% 17.5% 68.2% 13.2% 0.95 

South 

East-Asia 85.2% 50.8% 51.6% 65.3% 75% 88.4% 1.44 

Western 

Pacific 95.5% 89% 82.3% 67.2% 67.3% 94.9% 1.40 

 

Discussion  

This study aimed to examine if HIV drug resistance primary is a cause of the error-prone 

characteristics of the virus or poor adherence to the antiretroviral therapy. The hypothesis was 

that HIV drug resistance either should be highest among high-income countries due to wider 

availability and longer use of antiretroviral therapy, or highest in low-income countries where 

the risk of poor adherence, due to EWI’s is highest? Highest HIV drug resistance was found 

in middle-income countries, which means that both hypotheses are dismissed. However, this 

does not rule out adherence as the impending factor to HIV drug resistance development. 

There was a significant correlation between drug stock out and mean HIV drug resistance 

were two regions, South East Asia and the Western Pacific had the highest rates of “Drug 

stock out”. Of the 40 studies included in statistically analysis, ten studies were from countries 

located in South East Asia and Western Pacific. A total of 78 percent of these were defined as 

middle-income countries. The correlation between them indicates that HIV drug resistance 

may be highest among middle-income countries due to high levels of drug stock out. This can 

also be interpreted as if poor adherence is a primary reason for developing HIV drug 

resistance. This result is consistent with another study which suggest that acquired HIV drug 

resistance is related to poor adherence and can be minimized if protocols for drug stock were 

to be improved23. As mentioned earlier, the error-prone nature of the virus can acquire drug 

resistance even with appropriate adherence. This happens in all geographical settings and is 
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not affected by income levels. The correlation between HIV drug resistance and drug stock 

out is probably significant because more people becomes affected by drug stock out and 

therefor cause higher mean HIV drug resistance levels compared to the effect by drugs acting 

as selective pressure in ongoing treatment scenarios.  

Another interesting result showed that the number of participants per study was of different 

importance for the development of HIV drug resistance in countries with different income 

levels. Once again, HIV drug resistance was highest in studies from middle-income countries, 

followed by high-income countries and then low-income countries. Studies from middle-

income countries and high-income countries, showed a negative correlation between HIV 

drug resistance and number of participants. Meanwhile, Low-income countries showed the 

opposite, a positive correlation between HIV drug resistance and number of participants. The 

result is hard to interpret, which makes the result very curious. Why would levels of HIV 

drug resistance be affected by the number of participants in a study, depending on income 

levels? Is there a representative bias to the low-income studies in this paper? Three out of the 

five studies30,31,32 classified as low-income countries in this paper, searched for prevalence of 

transmitted HIV drug resistance and therefore only recruited participants who were 

treatment-naïve to antiretroviral drugs. It is known, that strict criteria for inclusion and 

exclusion of subjects in clinical trials makes it difficult to locate participants33. Could this be 

an extra difficult problem to HIV, due to the high risk of segregation and discrimination to 

people living with HIV? And could this even be worse in low-income countries due to factors 

as, generally lower levels of education, economy, public health care and transportation 

possibilities? However, this is only speculations. Regarding these ideas, it would be 

interesting to follow up with further investigation.  

Another interpretation can be, the sample size for the five studies defined as low-income 

countries are too small. A total of 1.832 participants were included in these studies, which is 

only five percent of the total number of participants included in my study. If the sample size 

had been larger in these studies, more HIV drug resistance would perhaps have been found. If 

this was true, the result indicates that there might be an unrecorded prevalence of HIV drug 

resistance among people living with HIV in low-income countries. Once again, the result is 

hard to interpret and therefore is only speculations discussed. However, I hope these 

questions will get investigated further.  
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The paper has some concerns that should be highlighted. First, reclassifying of the continents 

is not ideal but was necessary for the paper to get a representative distribution of studies. 

Second, only one study per country were included even if several could be found during the 

literature search. Because of that, there might be a concern about the reliability of the papers. 

However, the aim was to examine HIV drug resistance levels in different geographical 

settings and therefor an evenly distribution of studies included was necessary. Third, income 

levels were classified as low-income, middle-income and high-income. However, the World 

Bank used low-income, lower middle-income, middle-income, upper middle-income and 

high-income as classifications. To make it easier to manage statistical analysis, all countries 

defined as either lower middle-income, middle-income and upper middle-income was 

classified as middle-income in this paper. Fourth, HIV drug resistance levels were collected 

retrospectively and tested against income levels, GDP per capita, participants, HIV-1 

subtypes, continents, and EWI’s as possible variables. Examined variables could not be 

randomly assign to research participants, which makes this study a Quasi-experiment25. Due 

to the Quasi-experimental design, causality to findings may be less definitive compared to an 

experimental test. However, an experimental design in this context would neither be ethical 

nor feasible to conduct26. Nevertheless, it is crucial to perform this type of research, and 

findings can still be correctly analyzed and generalized to other scientific data to allow for 

triangulation or other forms of mixed analyses. 

Concluding remarks  

The overall conclusion from this study is that HIV drug resistance primarily is caused by 

poor adherence which is closely associated with drug stock out. Middle-income countries in 

South East Asia and Western Pacific, showed to have the highest levels of HIV drug 

resistance and drug stock out. Another finding, showed an interesting but ambiguous result. 

Further investigations are necessary to draw any definitive conclusions.    
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Steegen et al. 2016 South Africa Africa Southern Africa Middle-income 277 9,0% 

Chung et al. 2014 Kenya Africa Eastern Africa Middle-income 386 6,0% 

Seu et al. 2015 Zambia Africa Eastern Africa Middle-income 68 98,5% 
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Andargachew et al. 2015 Etihopia Africa Eastern Africa Low-income 127 4,7% 

Patil et al 2014 India Asia South-East Asia Middle-income 19 52,6% 

Baesi et al. 2014 Iran Asia South-East Asia Middle-income 62 58,1% 

Chung-Chih et al. 2015 Taiwan Asia South-East Asia Middle-income 440 11,1% 

Kiertiburanakul et al. 2016 Thailand Asia South-East Asia Middle-income 265 7,9% 

Nishizawa et al. 2013 Japan Asia Western Pacific High-income 149 27,5% 

Lavu et al. 2017 
Papua New 
Guinea Asia Western Pacific Middle-income 123 13,0% 

Park et al. 2016 South Korea Asia Western Pacific High-income 8176 11,4% 

Phunong Thao et al. 2015 Vietnam Asia Western Pacific Middle-income 173 97,1% 

Chen et al. 2016 China Asia Western Pacific Middle-income 29 62,1% 

Chkhartishvili et al. 2014 Georgia Europe Europe Middle-income 84 85,7% 

Parczewski et al. 2015 Poland Europe Europe High-income 833 9,0% 

Temereanva et al. 2013 Romania Europe Europe Middle-income 61 14,8% 

Hauser et al.  2017 Germany Europe Europe High-income 809 10,8% 

Vega et al. 2015 Spain Europe Europe High-income 1614 9,98% 

Tostevin et al. 2017 United Kingdom Europe Europe High-income 16425 7,45% 

Karlsson et al. 2012 Sweden Europe Europe High-income 1463 5,6% 

Ross et al. 2007 United States 
North 
America Americas High-income 317 9,8% 

Brooks et al. 2013 Canada 
North 
America Americas High-income 155 12,3% 

Kassaye et al. 2016 Unites States 
North 
America Americas High-income 497 22,7% 

Burchell et al. 2013 Canada 
North 
America Americas High-income 330 13,6% 

Charest et al. 2014 Canada 
North 
America Americas High-income 4105 13,1% 

Panichsillapakit et al. 2016 United States 
North 
America Americas High-income 496 13,5% 

Avila-Ríos et al. 2016 Nicaragua Latin America Americas Middle-income 283 19,4% 
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Hofstra et al. 2016 Aruba Latin America Americas High-income 104 32,7% 

Pérez et al. 2012 Cuba Latin America Americas Middle-income 401 7,2% 

Avila-Ríos et al. 2015 Honduras Latin America Americas Middle-income 365 11,5% 

Corado et al.  2017 Brazil Latin America Americas Middle-income 73 23,3% 

Bissio et al. 2017 Argentina Latin America Americas Middle-income 239 13,0% 

Escoto-Delgadillo et al. 2005 Mexico Latin America Americas Middle-income 96 15,6% 

Barrow et al. 2013 Jamaica Latin America Americas Middle-income 79 25,3% 

 


