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HIV infection: from acute illness to chronic disease

The global burden of human immunodeficiency virus (HIV) is immense. In 2013, an 
estimated number of 35 million adults and children were living with HIV worldwide 
[1]. Since the rise of HIV infection in the early 1980s, extensive research has provided 
much knowledge on the virus and its effects and has led to advances in treatment and 
prevention in the past three decades. The development of combination antiretroviral 
therapy (ART) resulted in the ability to suppress HIV-viral load and partially 
restore immune function, thereby preventing AIDS-related complications such as 
opportunistic infections. Its implementation improved health and life expectancy 
and reduced the risk of HIV transmission. AIDS-related illnesses are no longer the 
primary threat to people living with chronic HIV infection.

New complications of HIV and its therapy have emerged instead [2-4]. In the 
current treatment era, HIV-infected people are at increased risk of developing various 
co-morbidities, such as cardiovascular disease and malignancies, the so-called non-
AIDS events [5-8]. Several factors are thought to explain the excess risk for non-AIDS 
morbidity. First, the prevalence of traditional risk factors, such as tobacco use, alcohol, 
and unhealthy diet, is relatively high in HIV-infected populations. Second, multiple 
toxic effects of ART have been described, for example tubular dysfunction associated 
with tenofovir use [9, 10]. The use of ART is associated with several metabolic risk 
factors, including insulin resistance and dyslipidemia, which again can predispose 
people to developing cardiovascular events [11-13]. Lastly, chronic HIV infection 
is assumed to have on-going negative health effects in spite of successful virological 
treatment. Growing evidence suggests that HIV-infected people age more rapidly than 
HIV-negative subjects [2, 3]. Chronic systemic inflammation, immune dysregulation 
and the increased hypercoagulability as seen in HIV-infected patients may interfere 
with endothelial function and may lead to accelerated atherosclerosis [12, 14, 15]. 
The cause of these inflammatory processes is thought to be multifactorial, including 
continuous low-level HIV replication despite adequate viral suppression [16-18], 
common viral co-infections (e.g. cytomegalovirus and hepatitis C) [19, 20], and 
chronic translocation of gut microbial products in the systemic circulation as a result 
of breakdown of the integrity of the gut mucosa [21].

Treating HIV infection and African ethnicity

The shift from HIV infection characterized by acute AIDS-related diseases towards 
emerging long-term complications has been thoroughly studied in Western 
populations. Most research has been performed in Europe and the United States. 
Much less is known on chronic HIV infection and its complications in patients from 
sub-Saharan Africa (SSA). 
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It is important to learn more on long-term effects of HIV and African ethnicity, 
regarding the growing numbers of sub-Saharan African people living with HIV. 
The vast majority (>70%) of the worldwide HIV-infected population resides in 
SSA, covering an estimated number of 24.7 million in 2013 [1]. In some countries 
the burden is very high, such as South Africa, where approximately 19% of adults 
between 15 and 49 years of age are HIV-positive. The massive roll-out of ART in 
resource-limited settings (RLS) started about a decade ago, almost 10 years later than 
in Western countries, and has positively resulted in increased survival for patients 
in these areas as well. The number of AIDS-related deaths has diminished and the 
incidence of new HIV infections has declined significantly. As in high-income 
countries, HIV infection has become a chronic disease in SSA, with more and more 
people on lifelong treatment. Also in a Western country such as the Netherlands, a 
substantial proportion (14%) of HIV-infected patients is of African ancestry [22].

Treating chronic HIV infection in the sub-Saharan African population might be 
different from the well-studied Western patients for several reasons. 

First of all, socio-economic and cultural factors have a large impact on HIV care. 
Politics influence the organization of health care systems in a country. Financial 
constraints in RLS limit the availability of resources, such as medical personnel, 
diagnostics and follow-up testing, medication, etc. The restricted obtainability of 
the number of antiretroviral drugs in a country can potentially lead to diminished 
efficacy, or toxicity-related problems. Furthermore, cultural characteristics could 
potentially play a role in the utilization of health care services, disease presentation, 
or the occurrence of psychosocial health problems. The prevalence of traditional risk 
factors, such as tobacco use, alcohol and other substance use, might vary for the SSA 
population compared to Western subjects.

Second, demographic characteristics influence long-term HIV-related 
complications. The majority of SSA HIV-positives are females (approximately 60%) 
in contrast to 80% being males in Western populations [1, 22]. The median age 
of HIV-infected people in SSA is lower compared to Western countries, and HIV 
transmission occurs predominantly through heterosexual contact in contrast to 
MSM (men-having-sex-with-men) contact. This demographic profile can be seen in 
the HIV-infected population in SSA areas, but also among patients from African 
ethnicity in Western countries.

Late presentation of HIV infection is still common in SSA [23, 24]. In the 
Netherlands as well, late presenters (defined as having a CD4 cell count below 350 
cells/µl or AIDS-defining disease) are more prevalent among heterosexual patients 
originating from SSA in comparison to Dutch heterosexual patients (65% versus 53%) 
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[22]. More progressive disease at the moment of first HIV diagnosis or presentation 
at a health care facility obviously increases the risk for contracting opportunistic 
infections or other AIDS-defining illnesses, but potentially also for non-AIDS events 
[25, 26]. 

In addition, the increased risk for tuberculosis among SSA patients should be 
taken into account when treating HIV infection. It remains a highly prevalent co-
morbidity in this population, even in spite of adequate HIV treatment, and is strongly 
associated with increased mortality risk [27, 28].

Viral subtypes of the HIV virus circulating in sub-Saharan African populations 
differ from those extensively studied within Western patient groups. HIV-2 is primarily 
found in Western Africa, and its infection is known to have a lower transmissibility 
and disease progression rate than HIV-1 infection [29]. HIV-2 is naturally resistant 
to non-nucleoside reverse transcriptase inhibitors (NNRTIs). HIV-1 subtypes N and 
O are almost exclusively detected in patients originating from Western-Central Africa 
and are less sensitive to NNRTIs as well. HIV-1 subtype C is the major subtype 
circulating in Southern Africa, in contrast to subtype B, which predominates in 
Western countries [30]. Genetic variety and polymorphism of subtype C might play a 
role in selection and transmission of resistance mutations. The prevalence of NNRTI 
resistance is on a rise in Southern Africa since the roll-out of ART [31]. Sub-Saharan 
African residents and most African patients (over 80%) living in the Netherlands have 
contracted HIV in their country of origin and as a result are infected with different 
and potentially more resistant viral subtypes compared to patients infected in Europe 
[22]. 

Finally, the genetic makeup in African ethnicity varies from that of Western 
patients and could influence the occurrence of long-term complications of HIV and 
its treatment. Potentially, host variability of the immune system could have an impact 
on progression of HIV disease and its response to treatment, or on the susceptibility 
for opportunistic infections. Furthermore, specific HIV-associated complications 
have been associated with African ancestry in previous studies, such as the occurrence 
of HIV-associated nephropathy (HIVAN), which may be related to genetic variability 
[32, 33].

Outline of this thesis

The aim of this thesis was to have a look into long-term complications of (treating) 
HIV infection in sub-Saharan Africans, regarding the above-mentioned differences 
of this growing population compared to the well-studied Western patients. The 
following subjects were addressed.
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The first part of this thesis discusses the role of African ethnicity in the occurrence of 
HIV-related complications in Western settings. Two studies were performed among 
patients enrolled in the observational AIDS Therapy Evaluation in the Netherlands 
(ATHENA) cohort, which follows HIV-positive patients registered for care in one of 
the 27 designated treatment centers in the Netherlands [22]. 

Chapter 2 describes the results of a study analyzing the risk of contracting 
Pneumocystis jirovecii pneumonia for patients of sub-Saharan African origin compared 
to Western patients. Early literature suggests that racial differences in the incidence of 
this fungal opportunistic infection may exist, but results are conflicting [34-37]. We 
hypothesized that genetic susceptibility plays a role in the development of PJP, and 
could be one of the factors attributing to the observed racial differences. Therefore, a 
retrospective observational cohort study was performed, to investigate whether there 
are differences in PJP incidence among patients originating from SSA compared with 
patients from other regions of origin.

The role of ethnicity as a risk factor for chronic kidney disease (CKD) in the 
current HIV treatment era is evaluated in Chapter 3. In the early years of the HIV 
epidemic, when HIVAN accounted for a substantial part of renal impairment, CKD 
was predominantly observed in individuals of African ancestry. However, this may be 
different in the most recent years, since the spectrum of HIV-related CKD has changed 
and new kidney-related conditions have emerged instead after the introduction of 
ART. 

For the second part of the thesis, treatment of HIV infection and some associated 
long-term complications were studied in rural SSA, where the majority of people 
living in RLS reside. The setting of the research was Elandsdoorn, a township situated 
in a poor, rural area in Limpopo, a province in the northeast of the Republic of South 
Africa. HIV prevalence among antenatal clinic attendees in 2012 was 22.3% in this 
province [38]. Ndlovu Medical Centre (NMC) is a health care center in Elandsdoorn 
(www.ndlovucaregroup.co.za) that provides “paid for service” primary health care, 
as well as prevention-, tuberculosis- and HIV/AIDS programs. A fully funded ART 
program is available since 2003, including HIV treatment and testing. It serves a 
population of approximately 120 000 - 140 000 people and around 3600 HIV-
infected patients are in care at the clinic. 

In Chapter 4 we describe the virological, immunological and clinical efficacy of 
second-line ART in patients visiting NMC. In the past, good initial, on-treatment 
responses to first-line therapy were observed in this setting. Still, a substantial 
proportion of people experienced virological failure later during follow-up, which 
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might result in the selection of virological resistance mutations [39-41]. Such 
mutations could negatively influence the efficacy of second-line or consecutive ART-
regimens. At the moment, no further ART options are available in RLS following a 
failing protease-inhibitor based second-line regimen. Regarding the growing number 
of people requiring treatment, it is essential to evaluate the outcome of this therapy.

Non-communicable diseases such as cardiovascular disease are rising in RLS. 
Currently, the vast majority (>75%) of the 17.5 million people worldwide who die 
annually of cardiovascular disease and diabetes live in RLS [42-44]. In addition, 
observations in Western populations show that cardiovascular and kidney disease risks 
are more prevalent among HIV-infected persons. Therefore, we set up a cross-sectional 
observational study, looking at cardiovascular and renal disease risk factors and the 
presence of atherosclerosis in HIV-positives from this South-African rural population. 
Chapter 5 and Chapter 6 describe the results of investigations in more than 900 
subjects included in this research. The prevalence of albuminuria was determined, and 
its association with cardiovascular risk factors and HIV-related factors was analyzed in 
Chapter 5. In addition, the presence of atherosclerosis was evaluated by ultrasound 
measurements of carotid intima media thickness, which will be further explained in 
Chapter 6.

Finally, the results of this thesis are summarized in Chapter 7 and a general 
overview and perspectives for the future are discussed.
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Abstract

Background and objective

HIV-associated Pneumocystis jirovecii pneumonia (PJP) remains one of the commonest 
opportunistic infections in Western countries. Although it has been suggested that 
racial differences in PJP incidence exist, early studies report conflicting results. This 
study aimed to investigate differences in PJP incidence in a developed country among 
patients originating from sub-Saharan Africa compared with other regions of origin.

Design and methods

A retrospective observational cohort study was performed among 13 844 HIV-
infected patients from the Dutch ATHENA cohort. The main outcome measure was 
occurrence of PJP.

Results

A total number of 1055 PJP infections were diagnosed. Patients originating from 
sub-Saharan Africa had a significantly lower risk for having PJP at the time of HIV 
diagnosis after adjustment of confounders compared with patients from Western 
origin (Western Europe, Australia and New Zealand; adjusted odds ratio (aOR) 0.21 
(95% confidence interval (CI), 0.15-0.29)). Other factors associated with higher 
PJP risk were increasing age (aOR 1.01 per year (95% CI, 1.00-1.02)), a low CD4 
count at HIV diagnosis (CD4 <50 versus >350 cells/μl aOR 123.3 (95% CI, 77.8-
195.5)) and a high plasma HIV-RNA (>100 000 copies/ml) at HIV diagnosis (aOR 
1.41 (95% CI, 1.19-1.66)). Moreover, a clearly lower risk for PJP acquisition later 
during follow-up was observed among sub-Saharan Africans versus Western patients 
(adjusted hazard ratio 0.60 (95% CI, 0.39-0.90)). 

Conclusion

Among HIV-infected patients living in the Netherlands, PJP occurrence is 
substantially lower in patients originating from sub-Saharan Africa, as compared to 
Western patients. Differences in genetic susceptibility may partially explain the lower 
PJP incidence in these patients.
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Introduction

Pneumocystis jirovecii pneumonia (PJP) remains one of the commonest HIV-related 
opportunistic infections in Western countries, despite the combination antiretroviral 
therapy (cART)-associated decline in HIV-related morbidity and improved diagnostic 
and treatment strategies for P. jirovecii infection [1-3].

Early studies show that during the first decade of the HIV pandemic, prevalence 
of PJP in HIV-infected adults living in sub-Saharan Africa was low [4]. More recent 
reports, however, present more PJP cases among HIV-infected people in these regions 
[4-6]. A possible explanation for this increase is an improvement in diagnostics in 
resource-limited settings (RLS), and could therefore reflect an underestimation of the 
actual PJP prevalence in the earlier years. However, racial differences in the occurrence 
of PJP have been observed in Western countries as well, with a lower incidence in 
African patients [7, 8]. In contrast, some early publications did not support these 
results, finding no racial differences in PJP occurrence [9, 10].

We hypothesized that genetic susceptibility is important in the development of 
PJP, and could be one of the factors attributing to the observed racial differences in 
PJP incidence. Therefore, we performed an observational, retrospective cohort study 
in the Netherlands to investigate whether there are differences in the incidence of PJP 
among patients originating from sub-Saharan Africa compared with patients from 
other regions of origin.

Methods

The observational AIDS Therapy Evaluation in the Netherlands (ATHENA) cohort 
follows HIV-positive patients, who are registered in one of the 26 designated treatment 
centers in the Netherlands [11]. The ATHENA database includes information on 
patient demographics, immunological and virological parameters, detailed treatment 
data, data on adverse events, and AIDS-defining and selected non-AIDS-defining 
clinical events during follow-up.

All HIV-infected patients diagnosed between June 1996 and January 2011 
were enrolled in the current study. Follow-up was started at the date of HIV or PJP 
diagnosis, whichever occurred first. End of follow-up was defined as the date of PJP 
occurrence or the last visit date if no PJP occurred. For further analyses, patients were 
categorized into one of the following groups: patients from Western origin (Western 
Europe including the Netherlands, and Australia / New Zealand), sub-Saharan Africa, 
Asia and the Pacific, Latin America and the Caribbean, Central and Eastern Europe, 
North America, and North Africa and the Middle East. 
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Statistical analysis

The primary endpoint was a PJP diagnosis, as registered in the ATHENA database 
according to the 1993 Centers for Disease Control (CDC) AIDS case definition [12]. 
Baseline continuous data were compared between regions of origin with the Student’s 
t-test or the Mann-Whitney U-test. The distribution of categorical variables was 
compared with the chi-squared test.  

Two different multivariable models were used to determine the association 
between region of origin and PJP occurrence, either at baseline (before or within 
one month after HIV diagnosis) or more than one month after HIV diagnosis. The 
patients who had been diagnosed with PJP at baseline were analyzed by using a logistic 
regression model, whereas a Cox proportional hazards model was used to analyze the 
association between region of origin and incidence of PJP more than one month after 
HIV diagnosis.

Patients with missing data regarding HIV-RNA values or CD4 cell counts were 
excluded from analyses. Adjusted odds ratios (aORs) and adjusted hazard ratios 
(aHRs) were calculated by correcting for multiple independent variables, which 
included sex, age, mode of HIV transmission, year of HIV diagnosis, and HIV-RNA 
and CD4 cell count at baseline. For these analyses, determinants that were associated 
with the outcome with a P-value lower than 0.10 in univariate analysis were included. 
A P-value less than 0.05 was considered statistically significant. Statistical analyses 
were done using SPSS version 20.0. Data were analyzed and reported according to the 
STROBE statement checklist for observational studies [13].

Results

Thirteen thousand, eight hundred and forty-four HIV-infected patients were included, 
and median duration of follow-up was 4.6 years [IQR 1.7-8.3 years] with a total of 73 025 
patient-years. Most patients (8379/13 844, 60.5%) were from Western origin; sub-
Saharan Africa was the second-most frequent region of origin (2608/13 844 patients, 
18.8%). Median CD4 cell count at time of HIV diagnosis was 326 cells/μl [IQR 140-
520 cells/μl]. This was significantly lower in patients originating from sub-Saharan 
Africa (230 cells/μl [IQR 110-400 cells/μl]) compared with Western patients (370 
cells/μl [IQR 170-560 cells/μl]) (P<0.001). Baseline characteristics are summarized 
in Table 1.

During the total follow-up period, PJP was diagnosed in 1055/13 844 (7.6%) 
patients. Among sub-Saharan Africans, only 3.7% (96/2608) of patients were 
diagnosed with PJP, which was significantly lower than the number of PJP events 
among Western patients (715/8379 (8.5%); P<0.001). 
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Of the 1055 PJP cases, 807 (76.5%) were diagnosed at baseline and were thus 
included in a logistic regression model. Of the group of 13 596 patients (807 with and 
12 789 without PJP), 211 (1.6%) were excluded because of missing values. Analyses 
were therefore performed on a total of 13 385 patients, 788 of whom (5.9%) were 
diagnosed with a PJP infection. 

After adjustment for all included variables, originating from sub-Saharan Africa 
remained associated with a significantly lower risk of having PJP at baseline (aOR 
0.21; 95% CI, 0.15-0.29), as compared to Western patients. In patients originating 
from Latin America and the Caribbean the risk of having PJP was lower as well (aOR 
0.67; 95% CI, 0.51-0.86). However, such differences were not observed between 
patients from other regions of origin and Western patients. Other factors that were 
predictive for PJP were older age, lower CD4 cell count and high plasma HIV-RNA 
(>100 000 copies/ml) at the time of HIV diagnosis (Table 2). 

Twenty-four per cent of all PJP cases (248/1055) occurred more than one month 
after HIV diagnosis, resulting in an incidence rate of 3.4 events per 1000 person-years 
in the total group, with a similar rate among Western patients versus 2.5 events per 
1000 person-years among sub-Saharan Africans. 

These cases were included in a Cox proportional hazards analysis, which was 
performed on 12 843 patients (total group minus the 807 baseline PJP cases and 194 
(1.5%) patients with missing data). Again, a clearly lower risk for PJP acquisition 
among sub-Saharan Africans compared with Western patients (aHR 0.60 (95% CI, 
0.39-0.90)) was observed.  In this analysis, a lower CD4 cell count at baseline and 
not having homosexual or heterosexual contact as mode of HIV transmission were 
also associated with contracting PJP (aHR of 4.72 (95% CI, 3.30-6.76) for CD4 
<50 compared with >350 cells/μl and aHR 2.04 (95% CI, 1.43-2.91), respectively). 
Moreover, results suggested an association between a PJP infection and the period in 
which HIV was diagnosed (2000-2004 aHR 0.69 (95% CI, 0.51-0.94) and 2004-
2008 aHR 0.53 (95% CI, 0.37-0.76) as compared to 1996-2000).

Twelve percent (125/1055) of the PJP cases died during follow-up. The risk 
of death was independent of the region of origin, as was the median survival time 
between PJP diagnosis and time of death (data not shown). 
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Table 2. Univariate and multivariable analysis PJP at baseline

Variable Univariate analysis
OR (95% CI)

P-value Multivariable analysis
aOR (95% CI)

P-value

Sex (women) 0.69 (0.57-0.84) <0.001 1.06 (0.81-1.37) 0.68

Age at HIV diagnosis 1.04 (1.04-1.05) <0.001 1.01 (1.00-1.02) 0.002

Mode of HIV transmission

Homosexual 1.00 (Reference) - 1.00 (Reference) -

Heterosexual 1.02 (0.87-1.19) 0.79 0.97 (0.78-1.21) 0.80

Rest 1.80 (1.44-2.23) <0.001 1.10 (0.85-1.43) 0.47

Year HIV diagnosis

1996-2000 1.00 (Reference) - 1.00 (Reference) -

2000-2004 0.70 (0.58-0.86) 0.001 0.95 (0.76-1.20) 0.68

2004-2008 0.61 (0.50-0.75) <0.001 0.83 (0.66-1.03) 0.09

2008-2012 0.62 (0.50-0.77) <0.001 0.93 (0.73-1.20) 0.57

HIV-RNA at baseline (log10 copies/ml)

Log HIV-RNA at baseline ≤ 5.00 1.00 (Reference) - 1.00 (Reference) -

Log HIV-RNA at baseline > 5.00 3.49 (3.02-4.04) <0.001 1.41 (1.19-1.66) <0.001

CD4 at baseline (cells/µl) 

CD4 <50 124.36 (79.22-195.24) <0.001 123.34 (77.83-195.47) <0.001

CD4 50-100 54.58 (33.96-87.72) <0.001 51.77 (31.92-83.96) <0.001

CD4 100-200 17.91 (11.01-29.15) <0.001 19.07 (11.66-31.19) <0.001

CD4 200-350 5.42 (3.19-9.19) <0.001 5.61 (3.30-9.54) <0.001

CD4 >350 1.00 (Reference) - 1.00 (Reference) -

Region of origin

Western Europe, Australia,  
New Zealand

1.00 (Reference) - 1.00 (Reference) -

Sub-Saharan Africa 0.32 (0.25-0.42) <0.001 0.21 (0.15-0.29) <0.001

South Asia, East Asia, Pacific 1.40 (1.03-1.90) 0.03 0.90 (0.62-1.29) 0.56

Latin America, Caribbean 0.87 (0.69-1.08) 0.21 0.67 (0.51-0.86) 0.002

Central and Eastern Europe 0.53 (0.31-0.91) 0.02 0.62 (0.34-1.12) 0.11

North America 0.89 (0.43-1.82) 0.74 0.79 (0.34-1.84) 0.58

North Africa,  Middle East 0.97 (0.55-1.71) 0.91 0.79 (0.42-1.47) 0.45

Included cases: 13 385, number of diagnoses of PJP: 788. PJP: Pneumocystis jirovecii pneumonia, OR: 
Odds Ratio, aOR: adjusted Odds Ratio. Mode of HIV transmission Rest: intravenous drug use, blood or 
blood products, vertical transmission, unknown / other.
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Discussion

Among HIV-infected patients living in the Netherlands, patients originating from 
sub-Saharan Africa have a lower risk of contracting PJP, as compared to patients from 
Western origin. This observation strengthens the hypothesis that host factors may 
play a role in susceptibility to this opportunistic pulmonary infection.

To our knowledge, this cohort contains one of the largest groups of PJP cases 
that have been studied to date. Previously, only a few studies have been published on 
this subject with conflicting results. In a British study, comparing African and non-
African HIV-infected patients, PJP was approximately half as frequent in African 
participants as in non-Africans [7]. Another study, performed in the United States, 
showed similar results, reporting that African-Americans had less than half the risk of 
developing PJP, as compared to European-American participants [8]. These findings 
are in line with the results in our study, which was performed in an even larger cohort 
including more PJP cases. In contrast, other American studies did not find ethnicity 
to be a risk factor for PJP incidence in HIV-infected patients [9, 10]. 

It is hypothesized that geographical, and thus racial, variations in reported 
incidence of PJP result from geographical P. jirovecii strain variations [14]. Currently, 
it is not yet clear whether PJP is the result of reactivation of long-standing latent 
infection with P. jirovecii when the host’s immune function declines, or whether 
recent de novo exposure is the common mechanism for acquisition of Pneumocystis 
infection [15]. However, both animal and human studies suggest that the latter is the 
most likely explanation [15, 16]. If recent exposure before PJP is indeed frequent, 
most patients in our cohort would have been infected with Pneumocystis in the Dutch 
climate, and thus harbor similar strains. This suggests that host susceptibility, rather 
than P. jirovecii strain, may be responsible for the observed difference in PJP incidence 
between the various regions of origin.

In some reports, genetic variability has been associated with the risk of developing 
PJP in HIV-infected patients, such as a deletion in the CCR5 gene (CCR5-Δ32), 
the CCRL2 F167Y mutation and a histidine-histidine polymorphism of one of the 
Fc segment receptors of IgG (FcγRIIa), but exact mechanisms remain to be explored 
[17-19]. To our knowledge, no studies on a potential relation between HLA gene 
polymorphisms and PJP susceptibility have been published to date. Toll-like receptors 
(TLRs) and Dectin-1 are known to play an important role in controlling fungal 
infections [20]. It has been shown that Dectin-1 knockout mice are more susceptible 
to Pneumocystis infection than wild-type mice [21]. As polymorphisms in TLRs are 
associated with susceptibility for various infectious diseases [22], we hypothesize 
that genetic variability in TLRs and/or Dectin-1 may explain differences in the 
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susceptibility to Pneumocystis infections. Obviously, further research on this subject 
needs to be performed to clarify the role of genetic susceptibility in the incidence of 
PJP.

Strengths of this study include the use of a well-defined cohort of HIV-infected 
patients followed prospectively, whose data are recorded in a standardized manner, 
and the large number of patients included. However, there are some limitations. 
Information regarding the length of stay in the Netherlands prior to the HIV diagnosis 
is lacking. Furthermore, we used region of origin as a surrogate for race or ethnicity. 
We expect these factors to greatly overlap, but small inconsistencies, causing variety in 
host PJP susceptibility within groups, cannot be ruled out. Lastly, although a clinical 
PJP diagnosis is common and widely accepted, we are not informed whether all PJP 
diagnoses have been confirmed by cytological or histological tests and how many were 
presumptive. It is to be expected that this would not influence the outcome of our 
analyses, as patients from various regions of origin are most likely to have undergone 
similar diagnostic procedures in specialized centers in the Netherlands.

In summary, this Dutch observational cohort study shows that the occurrence 
of PJP in HIV-infected patients originating from sub-Saharan Africa is significantly 
lower compared with patients from Western origin. These observed differences may 
partially be explained by a variation in genetic susceptibility of the hosts. This theory 
needs to be addressed in future translational studies.
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Abstract

Background

Chronic kidney disease (CKD) is an important co-morbidity during human 
immunodeficiency virus (HIV) infection. Historically, HIV-associated nephropathy 
has been the predominant cause of CKD and primarily observed in people of African 
ancestry. This study aims to investigate the role of ethnicity in relation to CKD risk 
in recent years.

Methods

Analyses were performed including 16 836 patients from the Dutch AIDS Therapy 
Evaluation in the Netherlands (ATHENA) cohort. Baseline was defined as the first 
available creatinine level measurement after 1 January 2007; CKD was defined as a 
glomerular filtration rate <60 ml/min/1.73m2. The associations between ethnicity and 
both prevalent CKD at baseline and incident CKD during follow-up were analyzed.

Results

The prevalence of baseline CKD was 2.7% (460 of 16 836 patients). Birth in a sub-
Saharan African country (hereafter, “SSA origin”) was significantly associated with 
baseline CKD (adjusted odds ratio, 1.49; 95% confidence interval (CI), 1.04-2.13). 
During follow-up (median duration, 4.7 years; interquartile range, 2.4-5.2), the rate 
of incident CKD was 6.0 events per 1000 person-years. The risk of newly developing 
CKD was similar between patients of SSA origin and those born in Western Europe, 
Australia, or New Zealand (adjusted hazard ratio, 1.00; 95% CI, 0.63-1.59). 

Conclusions

Among HIV-infected patients in the Netherlands, being of SSA origin was associated 
with a higher baseline CKD prevalence but had no impact on newly developing 
CKD over time. This suggests a shift in the etiology of CKD from HIV-associated 
nephropathy toward other etiologies.
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Introduction

Chronic kidney disease (CKD) is an important comorbidity in people living with 
human immunodeficiency virus (HIV). In the past, the main cause of renal function 
impairment in HIV-infected people was HIV-associated nephropathy, characterized 
by high-level proteinuria and rapid decline to end-stage renal disease (ESRD). 
Fortunately, the introduction of combination antiretroviral therapy (cART) has 
markedly decreased the incidence of HIV-associated nephropathy [1, 2].

However, the spectrum of HIV-related CKD has changed, and new kidney-related 
conditions have emerged instead since the introduction of antiretroviral therapy 
(ART). With the improved effectiveness of treatment, HIV infection has become 
a chronic disease, with patients needing lifelong ART. Various nephrotoxic effects 
of cART have been described, such as tubular dysfunction associated with tenofovir 
use [3, 4]. Moreover, it has been suggested that people with HIV infection age more 
rapidly than people without HIV infection [5, 6]. Various processes, including 
chronic inflammation, immune dysregulation, and thrombotic activation, may 
lead to accelerated atherosclerosis [7, 8]. As a result, cardiovascular risk factors and 
comorbidities, such as hypertension and dyslipidemia, are seen more often in people 
with HIV infection, leading to microvascular disease and decline of renal function. 
This shift toward a different origin of HIV-associated CKD has come to light in 
recent years, owing to the increased aging of HIV-infected individuals [1].

Throughout the HIV epidemic, racial differences have been described as playing 
a role in the susceptibility to renal failure. CKD was predominantly observed in 
individuals of African ancestry, who progress more rapidly to ESRD, compared with 
people of non-African ancestry [9, 10].

It is less clear, however, whether and how the impact of ethnicity on the risk of 
developing CKD may have changed with time. Various observational studies regarding 
CKD among HIV-infected patients and the role of ethnicity have been published in 
the past 5 years. Most of these studies were performed in the United States and were 
conducted in the early years after the introduction of cART, when HIV-associated 
nephropathy still accounted for a substantial part of renal impairment [10-12]. We 
therefore undertook an analysis to assess the impact of ethnicity on the development 
of CKD in HIV-infected patients enrolled in the AIDS Therapy Evaluation in the 
Netherlands (ATHENA) observational cohort in the Netherlands.

Methods

The observational ATHENA cohort follows HIV-positive patients registered for 
care in one of the 27 designated treatment centers in the Netherlands [13]. The 
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ATHENA database includes information on patient demographic characteristics; 
clinical, immunological, and virological parameters; detailed treatment data; and data 
on adverse events, AIDS-defining clinical events, select non-AIDS-defining clinical 
events during follow-up. Laboratory findings, including creatinine levels, are also 
collected in the ATHENA database. Creatinine levels have been routinely collected 
since January 2007 for all patients in the cohort.

All patients aged ≥16 years with available data on creatinine levels between 1 
January 2007 and 1 February 2013 and available demographic data were selected 
for analysis. To ensure that renal function had been evaluated during HIV infection, 
patients were excluded if their creatinine level was measured >1 month before the 
registered date of HIV diagnosis (ie, the date on which a positive result of an HIV test 
was obtained) or the first available CD4+ T-cell count measurement. Kidney function 
was assessed by estimating creatinine clearance and, as such, the glomerular filtration 
rate (GFR), using the CG equation (hereafter, CG-eGFR), standardized for body 
surface area. Results yielded by the body surface area-corrected CG equation were 
shown to be similar to those yielded by the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation among HIV-infected individuals [14, 15]. As a 
result of the demonstrated outcome resemblances between both estimations for this 
study population, it was considered appropriate to apply the definitions of the Kidney 
Disease: Improving Global Outcomes guidelines, which make use of the CKD-EPI 
equation to assess renal function [16]. Accordingly, CKD was defined as a CG-eGFR 
of <60 ml/min/1.73m2 or on the basis of initiation of renal dialysis or receipt of a 
kidney transplant. For incident CKD in the follow-up period, a CG-eGFR of <60 ml/
min/1.73m2 had to be confirmed by a consecutive measurement performed at least 
90 days afterward.

Each patient’s region of origin, defined as the registered country of birth, was 
used as proxy for ethnicity. Patients were categorized accordingly into one of the 
following groups: patients of Western European origin (including Australia and New 
Zealand), patients of sub-Saharan African (SSA) origin, patients of Asian and Pacific 
origin, and patients of other origin (ie, Latin America and the Caribbean, Central and 
Eastern Europe, North America, and North Africa and the Middle East). Subjects 
were classified as previously in care if they had been in care before 1 January 2007, 
determined by their date of registration in the ATHENA cohort or the date of their 
first available CD4+ T-cell count measurement (whichever came first), in contrast to 
those who came into care after 1 January 2007, who were classified as new to care. 
The majority of patients new to care were expected to be treatment naïve, but they 
could have started ART before entering the ATHENA database. Baseline was defined 
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as the date of the first available creatinine level measurement after 1 January 2007, 
regardless of being previously in care or new to care. Both cross-sectional analyses at 
baseline and longitudinal analyses were performed to evaluate the association between 
ethnicity and both prevalent and incident CKD.

Cross-sectional analysis

Logistic regression models were used to determine the association between region 
of origin and the prevalence of CKD at baseline. Adjusted odds ratios (aORs) were 
calculated by adjusting for demographic variables (age at the time of HIV diagnosis 
and sex), mode of HIV transmission, coinfection with hepatitis B virus (HBV; 
defined on the basis of HBV surface antigen positivity) and hepatitis C virus (HCV; 
defined on the basis of HCV RNA positivity or, if missing, HCV-antibody positivity), 
and well-known cardiovascular risk factors, including hypertension (registered as 
having hypertension by a treating physician or use of antihypertensive medication), 
dyslipidemia (registered as having dyslipidemia by a treating physician or use of 
lipid-level-lowering medication), previous cardiovascular event, diabetes mellitus, 
and smoking. Furthermore, aORs were adjusted for the use of nonantiretroviral 
nephrotoxic medication, previous start of cART, concurrent use of atazanavir and 
tenofovir, HIV load, and CD4+ T-cell count. All time-dependent variables were 
assessed at baseline. Baseline CD4+ T-cell count was used instead of nadir CD4+ T-cell 
count, because patients new to care only had one CD4+ T-cell count measurement 
available at baseline. Separate subgroup analyses were performed for patients 
previously in care and those new to care, to investigate whether already being in care 
influences the prevalence of decreased renal function and its related factors.

Longitudinal analysis

Incident CKD was evaluated by performing longitudinal analysis among patients 
with a CG-eGFR of >60 ml/min/1.73m2 at baseline. Baseline was defined as described 
previously. End of follow-up was defined as the last visit date before 1 February 2013, 
development of CKD, or death. Patients with a CG-eGFR of <60 ml/min/1.73m2 at 
baseline were excluded for the purpose of this analysis. Incidence rates of CKD were 
calculated per 1000 person-years of follow-up. 

The association between region of origin and CKD incidence was evaluated 
by using Cox proportional hazards models. Adjusted hazard ratios (aHRs) were 
calculated by correcting for baseline CG-eGFR and other independent variables, 
which included mostly the same variables described for cross-sectional analysis. For 
incidence analysis, we used nadir CD4+ T-cell count. Moreover, the use of tenofovir 
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was examined more thoroughly by examining the influence of both prior and current 
exposure to tenofovir. Again, subgroup analyses were performed on patients previously 
in care and those new to care. Furthermore, patients with a baseline CG-eGFR of >90 
ml/min/1.73m2 were analyzed separately from those with a baseline value of 60-90 
ml/min/1.73m2, to gain more insight into the influence of baseline CG-eGFR on 
CKD incidence rates and the association with other independent variables.

Patient characteristics were described by calculating medians (with interquartile ranges 
(IQRs)) for continuous variables and proportions (as percentages) for categorical 
variables. Continuous data were compared between regions of origin, using the 
Student’s t-test or the Mann-Whitney U-test. The distributions of categorical variables 
were compared using the chi-squared test. For all multivariable analyses, determinants 
associated with the outcome that had a P-value of <0.10 in univariate analysis were 
included. A P-value of <0.05 was considered statistically significant. Assumptions 
of proportional hazards with respect to region of origin were evaluated and met. 
Statistical analyses were done using SPSS, version 20.0. Data were analyzed and 
reported according to the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) statement checklist for observational studies [17].

Results

For the purpose of the current analyses, 16 900 HIV-infected patients were selected, 
all with at least 1 available creatinine level measurement between 1 January 2007 
and 1 February 2013. Sixty-four patients (0.4%) were excluded because the date of 
first available creatinine level measurement was >1 month before the registered date of 
HIV diagnosis or the first available CD4+ T-cell count measurement, resulting in 16 836 
subjects available for analysis. Thirty-eight percent of patients (6424 of 16 836) were 
new to care after 1 January 2007, with 91% (5869 of 6424) who were treatment 
naïve, and 62% (10 412 of 16 836) were previously in care, including 19% (1952 of 
10 412) who were treatment naïve.

Two-thirds of patients (11 125 of 16 836) were of Western European origin and 
13% (2232 of 16 836) originated from SSA. Compared with patients of Western 
European origin, patients of SSA origin included more females (50.1% (1118 of 
2232) vs 8.9% (992 of 11 125); P<0.05), were younger (36.9 years [IQR, 30.5-43.5 
years] vs 44.0 years [IQR, 37.1-51.1 years]; P<0.05), and had more-compromised 
immune systems, as shown by the lower baseline CD4+ T-cell count (380 cells/µl 
[IQR, 230-540 cells/µl] vs 460 cells/µl [IQR, 302-640 cells/µl]; P<0.05). A more 
detailed description of the subjects can be found in Table 1.
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Cross-sectional analysis

Cross-sectional analysis of CKD at baseline showed a prevalence of 2.7% (460 of 16 836). 
The proportion of patients having a CG-eGFR of <60 ml/min/1.73m2 among those 
new to care was lower than that among patients previously in care (1.9% (121 of 
6424) vs 3.3% (339 of 10 412); P<0.05). The prevalence among SSA patients (2.8% 
(63 of 2232)) was similar to that among patients of Western European origin (2.6% 
(286 of 11 125)), with an OR for having CKD of 1.10 (95% CI, 0.84-1.45; P=0.50).

For multivariable analysis, 958 of 16 836 patients (5.7%) were excluded because 
of missing values, predominantly regarding HBV and HCV coinfection, and fewer 
because of missing data on baseline CD4+ T-cell count and start date of cART. 
Multivariable logistic regression analysis was therefore performed on 15 878 patients, 
425 (2.7%) of whom had a CG-eGFR of <60 ml/min/1.73m2.

In contrast to univariate analysis, multivariable analysis showed an association 
between SSA origin and CKD prevalence after adjustment for multiple independent 
variables (aOR, 1.49; 95% CI, 1.04-2.13). Patients originating from Asia or the 
Pacific also showed a higher risk of having a CG-eGFR of <60 ml/min/1.73m2, 
compared with patients of Western European origin (aOR, 2.27; 95% CI, 1.46-
3.55). Several other factors were associated with the prevalence of CKD at baseline 
(Table 2). Although there was an association between prior start of cART and 
CKD prevalence in univariate analysis, this was no longer present in multivariable 
analysis. HIV load was excluded from multivariable analysis, because of interaction 
with the covariate ”prior start of cART”. Repeated multivariable analyses with HIV 
load included instead of “prior start of cART” showed similar results, and it was not 
associated with CKD.

Subgroup analyses among the groups previously in care and new to care showed 
similar results, although there was no significant association between CKD prevalence 
and SSA origin in the group of patients previously in care after adjustment for 
covariates, (aOR, 1.25; 95% CI, 0.80-1.93; P=0.33)), but SSA patients new to care 
still had an increased risk of having a CG-eGFR of <60 ml/min/1.73m2 (aOR, 1.91; 
95% CI, 1.06-3.45).

Longitudinal analysis

Longitudinal analysis of CKD incidence was performed after excluding the 460 
patients with a CG-eGFR of <60 ml/min/1.73m2 at baseline. The median duration of 
follow-up was 4.7 years [IQR, 2.4-5.2 years], resulting in a total follow-up duration 
of 62 192 person-years. 
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Table 2. Prevalence analysis of chronic kidney disease (CKD), by patient characteristic at baseline

Determinant

Univariate analysis
OR (95% CI) P-valuea

Multivariable analysis
Adjusted OR  

(95% CI)
P-valuea

Age, years 1.10 (1.09-1.11) <0.001 1.09 (1.08-1.10) <0.001

Female sex 2.09 (1.70-2.57) <0.001 2.11 (1.59-2.81) <0.001

Region of origin

Western Europe, Australia,
New Zealand

1.00 (Reference) - 1.00 (Reference) -

Sub-Saharan Africa 1.10 (0.84-1.45) 0.50 1.49 (1.04-2.13) 0.03

Asia and the Pacific 2.06 (1.42-3.00) <0.001 2.27 (1.46-3.55) <0.001

Otherb 1.08 (0.84-1.39) 0.56 1.26 (0.94-1.70) 0.12

Mode of HIV transmission

Homosexual sex 1.00 (Reference) - 1.00 (Reference) -

Heterosexual sex 2.34 (1.89-2.88) <0.001 1.33 (0.98-1.79) 0.07

IDU or blood (products) 4.61 (3.17-6.70) <0.001 2.30 (1.36-3.88) 0.002

Otherc 3.70 (2.76-4.96) <0.001 1.96 (1.37-2.81) <0.001

New to cared 0.57 (0.46-0.70) <0.001 0.88 (0.59-1.30) 0.51

Start cART before baseline 2.25 (1.83-2.76) <0.001 1.31 (0.89-1.92) 0.18

CD4+ T-cell count, cells/µl

≥350 1.00 (Reference) - 1.00 (Reference) -

200-350 1.90 (1.51-2.39) <0.001 1.78 (1.38-2.31) <0.001

100-200 2.65 (1.97-3.56) <0.001 2.26 (1.60-3.19) <0.001

50-100 3.06 (2.03-4.62) <0.001 3.12 (1.94-5.02) <0.001

<50 3.97 (2.86-5.51) <0.001 5.18 (3.39-7.90) <0.001

HIV load, log10 copies/ml 0.85 (0.80-0.90) <0.001

HBsAg positive 1.31 (0.92-1.85) 0.13

HCV positivee 2.18 (1.66-2.86) <0.001 1.54 (1.06-2.24) 0.03

Hypertensionf 7.70 (6.35-9.34) <0.001 3.31 (2.58-4.25) <0.001

Dyslipidemiag 3.73 (2.94-4.74) <0.001 1.16 (0.85-1.59) 0.35

Past history of cardiovascular event 6.57 (4.69-9.21) <0.001 1.21 (0.78-1.87) 0.39

Diabetes mellitus 4.28 (3.17-5.77) <0.001 0.99 (0.69-1.44) 0.97

History of smoking 1.01 (0.84-1.21) 0.93

Nephrotoxic medication useh 3.95 (3.24-4.82) <0.001 1.43 (1.09-1.86) 0.009

Tenofovir use 1.36 (1.12-1.67) 0.002 0.95 (0.74-1.22) 0.69

Atazanavir use 2.31 (1.73-3.08) <0.001 1.39 (0.99-1.97) 0.06
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Legend Table 2.
There were 425 cases of CKD, defined as an estimated glomerular filtration rate (GFR) of <60 ml/
min/1.73m2, at baseline among 15 878 patients evaluated. Univariate and multivariable analyses were 
performed using a logistic regression model. Baseline is defined as the date of first available creatinine 
level measurement after 1 January 2007. The GFR was estimated by the Cockcroft-Gault formulation 
(CG-eGFR) and is standardized for body surface area. 
Abbreviations: cART, combination antiretroviral therapy; CI, confidence interval; HBsAg, hepatitis B 
virus surface antigen; HIV, human immunodeficiency virus; IDU, injection drug use; OR, odds ratio.
a Statistically significant differences were those with a P-value of <0.05. b Defined as Latin America and 
the Caribbean, Central and Eastern Europe, North America, and North Africa and the Middle East. c 
Defined as vertical transmission, unknown, or other. d Defined as having come into care after 1 January 
2007. e Defined as positive for hepatitis C virus (HCV) RNA or, if missing, as positive for HCV antibody.
f Registered as having hypertension by a physician at the treatment center or use of antihypertensive 
medication. g Registered as having dyslipidemia by a physician at the treatment center or use of lipid-
lowering medication. h Defined as nonantiretroviral medication with potential nephrotoxicity.

During follow-up, CKD occurred in 374 patients (2.3%), resulting in an incidence 
of 6.0 events per 1000 person-years. Median time of follow-up for the patients 
developing CKD was 5.1 years [IQR, 4.6-5.5 years], which was somewhat longer 
than in the group that did not develop CKD (4.6 years [IQR, 2.3-5.2 years]; P<0.05). 

Cox proportional hazards analysis was performed on 15 160 patients, resulting 
from the total group of 16 836 minus the 460 patients with decreased CG-eGFR 
at baseline and minus 1216 patients (7.2%) with missing data (mainly on HBV 
or HCV coinfection). Among those 15 160 subjects, 348 (2.3%) developed CKD 
during follow-up.

In univariate analysis, SSA origin was not a risk factor for developing CKD, 
compared with Western European origin. Surprisingly, patients of SSA origin even 
showed a reduced HR of 0.49 (95% CI, 0.32-0.74) for development of CKD. 

Baseline CG-eGFR was strongly associated with a risk for incident CKD during 
follow-up. The proportion of patients new to care had a lower CKD incidence than 
those previously in care. Older and female subjects were also more prone to develop 
CKD. In contrast to atazanavir, on univariate analysis concurrent use of tenofovir 
was associated with a lower risk of developing CKD, compared with patients who 
had never used tenofovir or those previously exposed to but not currently receiving 
tenofovir. Start of cART prior to the event date (or the end of follow-up) was not 
associated with CKD incidence.

After adjustment for all included variables in multivariable analysis, no association 
between originating from SSA and risk of CKD was found, compared with patients of 
Western European origin (aHR, 1.00; 95% CI, 0.63-1.59; P=0.98). 
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Table 3. Incidence analysis chronic kidney disease (CKD), by patient characteristic at the time of CKD 
diagnosis or the end of follow-up

Determinant Univariate 
analysis

HR (95% CI)

P-valuea Multivariable 
analysis

Adjusted HR 
(95% CI)

P-valuea

Age, years 1.12 (1.11-1.13) <0.001 1.05 (1.04-1.07) <0.001

Female sex 1.72 (1.36-2.17) <0.001 1.75 (1.27-2.41) 0.001

Region of origin

Western Europe, Australia, New Zealand 1.00 (Reference) - 1.00 (Reference) -

Sub-Saharan Africa 0.49 (0.32-0.74) 0.001 1.00 (0.63-1.59) 0.98

Asia and the Pacific 1.27 (0.79-2.05) 0.32 1.05 (0.63-1.74) 0.85

Otherb 1.05 (0.80-1.38) 0.73 0.98 (0.73-1.32) 0.90

Mode of HIV transmission

Homosexual sex 1.00 (Reference) - 1.00 (Reference) -

Heterosexual sex 1.52 (1.21-1.92) <0.001 0.94 (0.68-1.30) 0.71

IDU or blood (products) 4.62 (3.23-6.61) <0.001 2.28 (1.35-3.84) 0.002

Otherc 2.07 (1.46-2.96) <0.001 1.35 (0.92-1.97) 0.13

New to cared 0.65 (0.50-0.86) 0.002 1.27 (0.95-1.71) 0.10

cART history

Started before event date 0.97 (0.64-1.47) 0.88

History of receipt before event date, yearse 0.98 (0.96-1.00) 0.13

Nadir CD4+ T-cell count, cells/µl

≥350 1.00 (Reference) - 1.00 (Reference) -

200-350 1.18 (0.77-1.81) 0.44 1.29 (0.82-2.01) 0.27

100-200 1.93 (1.27-2.94) 0.002 1.32 (0.84-2.06) 0.23

50-100 3.21 (2.08-4.95) <0.001 1.73 (1.09-2.75) 0.02

<50 3.31 (2.20-5.00) <0.001 1.75 (1.13-2.72) 0.01

HIV load, log10 copies/ml 0.92 (0.80-1.07) 0.27

CG-eGFR at baseline, ml/min/1.73m2,f 0.90 (0.90-0.91) <0.001 0.92 (0.92-0.93) <0.001

HBsAg positive 1.57 (1.09-2.25) 0.02 1.45 (1.00-2.11) 0.05

HCV positiveg 1.68 (1.28-2.19) <0.001 1.18 (0.81-1.71) 0.39

Hypertensionh 3.52 (2.87-4.31) <0.001 1.41 (1.05-1.88) 0.02

Dyslipidemiai 2.26 (1.79-2.86) <0.001 0.90 (0.69-1.18) 0.45

Previous cardiovascular event 3.71 (2.71-5.09) <0.001 1.07 (0.75-1.52) 0.72

Diabetes mellitus 3.20 (2.39-4.28) <0.001 1.71 (1.25-2.36) 0.001

History of smoking 1.24 (1.01-1.52) 0.04 1.29 (1.03-1.60) 0.03

Nephrotoxic medication usej 3.39 (2.75-4.17) <0.001 1.30 (0.98-1.73) 0.07

Atazanavir use 1.53 (1.18-1.99) 0.001 1.37 (1.04-1.80) 0.02
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Table 3. Continued

Determinant Univariate 
analysis

HR (95% CI)

P-valuea Multivariable 
analysis

Adjusted HR 
(95% CI)

P-valuea

Tenofovir

Never started 1.00 (Reference) - 1.00 (Reference) -

Started, currently receiving 0.69 (0.54-0.88) 0.003 0.86 (0.66-1.12) 0.26

Started, not currently receiving 1.12 (0.78-1.59) 0.54 0.68 (0.47-1.00) 0.047

There were 348 cases of CKD, defined as an estimated glomerular filtration rate (GFR) of <60 ml/
min/1.73m2 (confirmed in a consecutive measurement at least 90 days afterward) or the start of renal 
dialysis or kidney transplantation, diagnosed between 1 January 2007 and 1 February 2013 among 
15 160 patients evaluated. Univariate and multivariable analyses were performed using a Cox proportional 
hazards model. Event date is defined as the date of CKD diagnosis or end of follow-up. Baseline is defined 
as the date of first available creatinine level measurement after 1 January 2007. Abbreviations: cART, 
combination antiretroviral therapy; CI, confidence interval; HBsAg, hepatitis B virus surface antigen; 
HIV, human immunodeficiency virus; HR, hazard ratio; IDU, injection drug use.
a Statistically significant differences were those with a P-value of <0.05. b Defined as Latin America and the 
Caribbean, Central and Eastern Europe, North America, and North Africa and the Middle East; 
c Defined as vertical transmission, unknown, or other; d Defined as having come into care after 1 
January 2007; e Data are for patients receiving cART at the event date; f The GFR was estimated by the 
Cockcroft-Gault formulation (CG-eGFR) and is standardized for body surface area; g Defined as positive 
for hepatitis C virus (HCV) RNA or, if missing, as positive for HCV antibody; h Registered as having 
hypertension by a physician at the treatment center or use of antihypertensive medication; i Registered as 
having dyslipidemia by a physician at the treatment center or use of lipid-lowering medication; j Defined 
as nonantiretroviral medication with potential nephrotoxicity.

CG-eGFR at baseline remained strongly associated with CKD incidence. Being new 
to care was not related to a lower incidence of CKD anymore. After adjustment for 
independent variables, concurrent use of tenofovir was no longer associated with 
CKD incidence, while previous exposure was related to lower CKD incidence. All 
outcomes from both uni- and multivariable analyses are presented in Table 3.

Subgroup analyses of the subjects new to care versus those previously in care did 
not show any other risk factors for developing CKD among both groups, compared 
with the total group analysis.

Subgroup analyses were also performed on the patients with a CG-eGFR of 
>90 ml/min/1.73m2 at baseline, in contrast to those with a CG-eGFR of 60-90 ml/
min/1.73m2 at baseline. Obviously, the incidence of CKD was much lower among 
the first group, with an incidence of 0.5% of patients (64 of 13 713) and 1.2 events 
per 1000 person-years, compared with 11.6% (310 of 2663) and 29.2 events per 
1000 person-years. Again, after further analysis of the subgroups, patients from SSA 
did not have a higher risk for developing CKD, and no other new risk factors were 
identified.
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Discussion

This Dutch observational cohort study shows that HIV-infected patients originating 
from SSA had a higher baseline prevalence of impaired CG-eGFR (<60 ml/
min/1.73m2) but did not have an increased risk of newly developing CKD, compared 
with patients of Western European origin, in the current cART era.

These new findings are in contrast to past observations, when black ethnicity 
was shown to be a risk factor for developing renal insufficiency among HIV-infected 
people. This is the first report to describe this subject in a well-defined large cohort 
with a substantial duration of follow-up, which reflects the actual incidence rates of 
CKD in recent years. 

Various publications from the United States, starting follow-up in the 1990s, 
have reported a higher incidence of CKD among African American HIV-infected 
patients, as well as a higher risk for developing ESRD once diagnosed with chronic 
renal impairment [9-12]. Two studies from the United Kingdom, starting in 1998 
and 1996, also described a higher rate of kidney disease progression and ESRD 
incidence among individuals of African ancestry, compared with patients of non-
African ancestry [18, 19].

In contrast to those earlier reports, the follow-up in our study started more 
recently (in 2007), while most other studies describe cohorts originating from the 
1990s, the earlier years of the HIV era. In that time, a substantial part of renal 
disease was attributable to HIV-associated nephropathy, which has been shown to 
be independently associated with African ethnicity, as host factors play a role in the 
occurrence of HIV-associated nephropathy. Certain APOL1 genetic variants are 
known to cause increased genetic susceptibility for development of glomerulosclerosis 
in advanced HIV infection among Africans [20-22]. Fortunately, the incidence of 
HIV-associated nephropathy has decreased substantially since the introduction of 
cART. However, other causes of kidney disease have emerged, such as toxicity of 
antiretroviral medication and long-term effects of HIV infection. 

The impact of ethnicity on kidney disease such as HIV-associated nephropathy 
among new-to-care and thus mostly cART-naïve HIV-infected people from SSA 
is reflected in this study, which shows that those patients are more likely to have 
impaired CG-eGFR at baseline. On the other hand, possibly, genetic susceptibility is 
of minor importance in the occurrence of CKD of other nature than HIV-associated 
nephropathy. This could explain the observation that patients of SSA origin and those 
of Western European origin have similar risks regarding newly developing CKD, 
despite the numbers at baseline.
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Few earlier studies on smaller cohorts underline our conclusions that HIV-infected 
patients from African ancestry without decreased eGFR at baseline have comparable 
hazards for incident CKD and renal function decline as patients of Western European 
origin [23, 24].

A recent report of the D:A:D study described the association between antiretroviral 
exposure and other risk factors with the development of renal impairment in HIV-
infected patients in cohorts from Europe, the United States, and Australia starting 
follow-up in 2004 [25]. African ancestry was not associated with CKD, but the power 
to detect such an association was low, as much information regarding ethnicity was 
lacking. Here, the region of origin, as a proxy for ethnicity, was known for all patients.

The overall incidence of CKD in our cohort was remarkably higher than the 
observed incidence in the above mentioned D:A:D cohort (2.3% with 6.0 events per 
1,000 person-years vs 0.6% with 1.3 cases per 1000 person-years) [25]. However, 
in the D:A:D cohort study, only patients with a creatinine clearance rate at baseline 
of >90 ml/min/1.73m2 were included, in contrast to our cohort, where all patients 
had a baseline CG-eGFR of >60 ml/min/1.73m2. In the subgroup analysis involving 
patients with baseline CG-eGFR of >90 ml/min/1.73m2, incidence rates similar to 
those in the D:A:D study were found. Evidently, patients with a mildly decreased 
CG-eGFR (60-90 ml/min/1.73m2) have a higher risk of progression to CKD during 
follow-up than those with a CG-eGFR of >90 ml/min/1.73m2 at baseline. However, 
patients with a mildly decreased CG-eGFR account for a substantial part of the HIV-
infected population, as can be seen in our study, in which it composed almost 16% of 
the total group, in line with other reports [4, 26].

No association was found between concurrent use of tenofovir and higher CKD 
risk in multivariable analysis, unlike earlier reports [3, 4, 25]. This is probably due 
to increased knowledge on tubular toxicity of tenofovir, which may result in keeping 
only those patients on tenofovir without a preexisting high-risk profile for developing 
kidney disease and who have shown to have stable renal function while using the 
drug. 

Strengths of this study include the use of a well-defined cohort of HIV-infected 
patients followed prospectively, whose data are recorded in a standardized manner. 
In addition, the number of patients included in the analyses is large. It is one of the 
first studies describing CKD incidence in recent years, when the influence of HIV-
associated nephropathy has diminished, compared with the earlier years of the HIV 
epidemic. Only patients with a CG-eGFR of >60 ml/min/1.73m2 at baseline were 
included in longitudinal analyses, giving a realistic view on incidence rates of newly 
developed CKD in the current era of HIV treatment.
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There are some limitations to this study, as well. We used region of origin as a proxy 
for ethnicity. We expect these factors to greatly overlap, as has been described in 
literature, but small inconsistencies, causing variety of ethnicity within the compared 
groups, cannot be ruled out [27]. There was a considerable duration of follow-up, with 
a median of 4.7 years, but a longer duration of follow-up is warranted to learn more 
about the long-term CKD incidence during chronic HIV infection. Furthermore, 
only 1 creatinine level measurement was used for cross-sectional analyses of CKD at 
baseline, potentially leading to an overestimation of the true prevalence. On the other 
hand, in incidence analyses, impaired CG-eGFR had to be confirmed in a consecutive 
measurement, thereby decreasing the chance that certain cases were depicted as CKD 
while renal function had improved at a later stage. The definition of CKD also 
included patients starting renal dialysis without having a confirmed CG-eGFR of <60 
ml/min/1.73m2 after at least 90 days. Possibly, those patients might have developed 
acute renal failure resulting from acute illness, and thereby the number of CKD cases 
could have been overestimated. However, only 6 patients started dialysis without 
having had an impaired CG-eGFR >90 days previously. Another limitation is the lack 
of data on tubular function. Since subjects receiving treatment with tenofovir could 
develop proximal tubulopathy without experiencing an eGFR decline, it is possible 
that not all cases of tenofovir-related toxicity were identified.

In summary, this Dutch observational cohort study shows that SSA origin is no 
longer a risk factor for the incidence of chronic renal impairment in HIV-infected 
patients, in contrast to the earlier years of the HIV epidemic. This may be caused 
by the shift in nature of CKD from HIV-associated nephropathy in the early days 
towards antiretroviral toxicity, combined with ageing and cardiovascular diseases 
among chronically HIV-infected patients receiving long-term treatment. Host 
factors, such as those contributing to a higher genetic susceptibility to HIV-associated 
nephropathy among patients of black ethnicity, seem to be of lesser importance in the 
etiology of CKD nowadays.
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The ATHENA database

Clinical Centers (* denotes site coordinating physician)
Academic Medical Centre of the University of Amsterdam: HIV treating physicians: 
J.M. Prins*, T.W. Kuijpers, H.J. Scherpbier, J.T.M. van der Meer, F.W.M.N. Wit, 
M.H. Godfried, P. Reiss, T. van der Poll, F.J.B. Nellen, J.M.A. Lange†, S.E. Geerlings, 
M. van Vugt, D. Pajkrt, J.C. Bos, W.J. Wiersinga, M. van der Valk, A. Goorhuis, 
J.W. Hovius. HIV nurse consultants: J. van Eden, A. Henderiks, A.M.H. van Hes, 
M. Mutschelknauss, H.E. Nobel, F.J.J. Pijnappel, A.M. Westerman. HIV clinical 
virologists/chemists: S. Jurriaans, N.K.T. Back, H.L. Zaaijer, B. Berkhout, M.T.E. 
Cornelissen, C.J. Schinkel, X.V. Thomas. Admiraal De Ruyter Ziekenhuis, Vlissingen: 
HIV treating physicians: M. van den Berge, A. Stegeman. HIV nurse consultants: S. 
Baas. HIV clinical virologists/chemists: L. Sabbe, J. Goudswaard. Catharina Ziekenhuis, 
Eindhoven: HIV treating physicians: M.J.H. Pronk*, H.S.M. Ammerlaan. HIV nurse 
consultants: E.M.H.M. Korsten-Vorstermans, E.S. de Munnik. HIV clinical virologists/
chemists: A.R. Jansz, J. Tjhie. Emma Kinderziekenhuis: HIV nurse consultants: A. van 
der Plas, A.M. Weijsenfeld. Erasmus Medisch Centrum, Rotterdam: HIV treating 
physicians: M.E. van der Ende*, T.E.M.S. de Vries-Sluijs, E.C.M. van Gorp, C.A.M. 
Schurink, J.L. Nouwen, A. Verbon, B.J.A. Rijnders, H.I. Bax, R.J. Hassing, M. van 
der Feltz. HIV nurse consultants: N. Bassant, J.E.A. van Beek, M. Vriesde, L.M. van 
Zonneveld. Data collection: A. de Oude-Lubbers, H.J. van den Berg-Cameron, F.B. 
Bruinsma-Broekman, J. de Groot, M. de Zeeuw- de Man, M.J. Broekhoven-Kruijne. 
HIV clinical virologists/chemists: M. Schutten, A.D.M.E. Osterhaus, C.A.B. Boucher. 
Erasmus Medisch Centrum–Sophia, Rotterdam: HIV treating physicians: G.J.A. 
Driessen, A.M.C. van Rossum. HIV nurse consultants: L.C. van der Knaap, E. Visser. 
Flevoziekenhuis, Almere: HIV treating physicians: J. Branger*. HIV nurse consultant 
and data collection: C.J.H.M. Duijf-van de Ven. HagaZiekenhuis, Den Haag: HIV 
treating physicians: E.F. Schippers*, C. van Nieuwkoop, R.W. Brimicombe. HIV nurse 
consultants: J.M. van IJperen. Data collection: G. van der Hut. HIV clinical virologist/
chemist: P.F.H. Franck. HIV Focus Centrum (DC Klinieken): HIV treating physicians: 
A. van Eeden*. HIV nurse consultants: W. Brokking, M. Groot. HIV clinical virologists/
chemists: M. Damen, I.S. Kwa. Isala Klinieken, Zwolle: HIV treating physicians: P.H.P. 
Groeneveld*, J.W. Bouwhuis. HIV nurse consultants: J.F. van den Berg, A.G.W. 
van Hulzen. Data collection: G.L. van der Bliek, P.C.J. Bor. HIV clinical virologists/
chemists: P. Bloembergen, M.J.H.M. Wolfhagen, G.J.H.M. Ruijs. Kennemer 
Gasthuis, Haarlem: HIV treating physicians: R.W. ten Kate*, R. Soetekouw. HIV 
nurse consultants: N. Hulshoff, L.M.M. van der Prijt, M. Schoemaker. Data collection: 
N. Bermon. HIV clinical virologists/chemists: W.A. van der Reijden, R. Jansen. Leids 
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Universitair Medisch Centrum, Leiden: HIV treating physicians: F.P. Kroon*, S.M. 
Arend, M.G.J. de Boer, M.P. Bauer, H. Jolink, A.M. Vollaard. HIV nurse consultants: 
W. Dorama, C. Moons. HIV clinical virologists/chemists: E.C.J. Claas, A.C.M. Kroes. 
Maasstad Ziekenhuis, Rotterdam: HIV treating physicians: J.G. den Hollander*, K. 
Pogany. HIV nurse consultants: M. Kastelijns, J.V. Smit, E. Smit. Data collection: M. 
Bezemer, T. van Niekerk. HIV clinical virologists/chemists: O. Pontesilli. Maastricht 
UMC+, Maastricht: HIV treating physicians: S.H. Lowe*, A. Oude Lashof, D. 
Posthouwer. HIV nurse consultants: R.P. Ackens, J. Schippers, R. Vergoossen. Data 
collection: B. Weijenberg Maes. HIV clinical virologists/chemists: P.H.M. Savelkoul, 
I.H. Loo. MC Zuiderzee, Lelystad: HIV treating physicians: S. Weijer*, R. El 
Moussaoui. HIV Nurse Consultant: M. Heitmuller. Data collection: M. Heitmuller. 
Medisch Centrum Alkmaar: HIV treating physicians: W. Kortmann*, G. van Twillert*, 
J.W.T. Cohen Stuart, B.M.W. Diederen. HIV nurse consultant and data collection: D. 
Pronk, F.A. van Truijen-Oud. HIV clinical virologists/chemists: W. A. van der Reijden, 
R. Jansen. Medisch Centrum Haaglanden, Den Haag: HIV treating physicians: E.M.S. 
Leyten*, L.B.S. Gelinck. HIV nurse consultants: A. van Hartingsveld, C. Meerkerk, 
G.S. Wildenbeest. HIV clinical virologists/chemists: J.A.E.M. Mutsaers, C.L. Jansen. 
Medisch Centrum Leeuwarden, Leeuwarden: HIV treating physicians: M.G.A.van 
Vonderen*, D.P.F. van Houte. HIV nurse consultants: K. Dijkstra, S. Faber. HIV 
clinical virologists/chemists: J Weel. Medisch Spectrum Twente, Enschede: HIV 
treating physicians: G.J. Kootstra*, C.E. Delsing. HIV nurse consultants: M. van der 
Burg-van de Plas, H. Heins. Data collection: E. Lucas. Onze Lieve Vrouwe Gasthuis, 
Amsterdam: HIV treating physicians: K. Brinkman*, P.H.J. Frissen, W.L. Blok, 
W.E.M. Schouten. HIV nurse consultants: A.S. Bosma, C.J. Brouwer, G.F. Geerders, 
K. Hoeksema, M.J. Kleene, I.B. van der Meché, A.J.M. Toonen, S. Wijnands. 
HIV clinical virologists/chemists: M.L. van Ogtrop. Radboud UMC, Nijmegen: 
HIV treating physicians: P.P. Koopmans, M. Keuter, A.J.A.M. van der Ven, H.J.M. 
ter Hofstede, A.S.M. Dofferhoff, R. van Crevel. HIV nurse consultants: M. Albers, 
M.E.W. Bosch, K.J.T. Grintjes-Huisman, B.J. Zomer. HIV clinical virologists/chemists: 
F.F. Stelma. HIV clinical pharmacology consultant: D. Burger. Rijnstate, Arnhem: HIV 
treating physicians: C. Richter*, J.P. van der Berg, E.H. Gisolf. HIV nurse consultants: 
G. ter Beest, P.H.M. van Bentum, N. Langebeek. HIV clinical virologists/chemists: R. 
Tiemessen, C.M.A. Swanink. Sint Elisabeth Hospitaal, Willemstad, Curaçao: HIV 
treating physicians: C. Winkel, A. Durand, F. Muskiet, R. Voigt. HIV nurse consultants: 
I. van der Meer. Sint Lucas Andreas Ziekenhuis, Amsterdam: HIV treating physicians: 
J. Veenstra*, K.D. Lettinga. HIV nurse consultants: M. Spelbrink, H. Sulman. Data 
collection: M. Spelbrink, E. Witte. HIV clinical virologists/chemists: M. Damen, P.G.H. 
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Peerbooms. Slotervaartziekenhuis, Amsterdam: HIV treating physicians: J.W. Mulder, 
S.M.E. Vrouenraets, F.N. Lauw. HIV nurse consultants: M.C. van Broekhuizen, H. 
Paap, D.J. Vlasblom. Data collection: E. Oudmaijer Sanders. HIV clinical virologists/
chemists: P.H.M. Smits, A.W. Rosingh. Stichting Medisch Centrum Jan van Goyen, 
Amsterdam: HIV treating physicians: D.W.M. Verhagen. HIV nurse consultants: 
J. Geilings. St Elisabeth Ziekenhuis, Tilburg: HIV treating physicians: M.E.E. van 
Kasteren*, A.E. Brouwer. HIV nurse consultants and data collection: B.A.F.M. de 
Kruijf-van de Wiel, M. Kuipers, R.M.W.J. Santegoets, B. van der Ven. HIV clinical 
virologists/chemists: J.H. Marcelis, A.G.M. Buiting, P.J. Kabel. Universitair Medisch 
Centrum Groningen, Groningen: HIV treating physicians: W.F.W. Bierman*, H.G. 
Sprenger, E.H. Scholvinck, S. van Assen, K.R. Wilting, Y. Stienstra. HIV nurse 
consultants: H. de Groot-de Jonge, P.A. van der Meulen, D.A. de Weerd. HIV clinical 
virologists/chemists: H.G.M. Niesters, A. Riezebos-Brilman. Universitair Medisch 
Centrum Utrecht, Utrecht: HIV treating physicians: A.I.M. Hoepelman*, M.M.E. 
Schneider, T. Mudrikova, P.M. Ellerbroek, J.J. Oosterheert, J.E. Arends, R.E. Barth, 
M.W.M. Wassenberg. HIV nurse consultants: D.H.M. van Elst-Laurijssen, L.M. Laan, 
E.E.B. van Oers-Hazelzet, J. Patist, S. Vervoort, Data collection: H.E. Nieuwenhuis, 
R. Frauenfelder. HIV clinical virologists/chemists: R. Schuurman, F. Verduyn-Lunel, 
A.M.J. Wensing. VU Medisch Centrum, Amsterdam: HIV treating physicians: E.J.G. 
Peters*, M.A. van Agtmael, R.M. Perenboom, M. Bomers, J. de Vocht. HIV nurse 
consultants: L.J.M. Elsenburg. HIV clinical virologists/chemists: A.M. Pettersson, 
C.M.J.E. Vandenbroucke-Grauls, C.W. Ang. Wilhelmina Kinderziekenhuis, UMCU, 
Utrecht: HIV treating physicians: S.P.M. Geelen, T.F.W. Wolfs, L.J. Bont. HIV nurse 
consultants: N. Nauta.

Coordinating center

Stichting HIV Monitoring Director: P. Reiss. Data analysis: D.O. Bezemer, L.A.J. 
Gras, A.I. van Sighem, C. Smit. Data management and quality control: S. Zaheri, M. 
Hillebregt, V. Kimmel, Y. Tong. Data monitoring: B. Lascaris, R. van den Boogaard, P. 
Hoekstra, A. de Lang, M. Berkhout, S. Grivell, A. Jansen. Data collection: L. de Groot, 
M. van den Akker, D. Bergsma, C. Lodewijk, R. Meijering, B. Peeck, M. Raethke, 
C. Ree, R. Regtop, Y. Ruijs, M. Schoorl, E. Tuijn, L. Veenenberg, T. Woudstra, Y. 
Bakker, A. de Jong, M. Broekhoven, E. Claessen. Patient registration: B. Tuk.
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Abstract

Objective

This study aims to describe the virological, immunological and clinical efficacy of 
protease inhibitor (PI)-based second-line antiretroviral therapy (ART) in rural South 
Africa.

Methods

An observational cohort study was performed on 210 patients (including 39 children) 
who initiated PI-based second-line therapy at least 12 months prior to data collection. 
Biannual clinical, immunological and virological monitoring was performed. Primary 
endpoints were adequate virological response (plasma HIV-1 RNA <400 copies/ml), 
full virological suppression (plasma HIV-1 RNA <50 copies/ml) and treatment failure 
(virological failure (plasma HIV-1 RNA >1000 after initial virological response) or 
on-going viremia (plasma HIV-1 RNA never <400 copies/ml for more than six 
months)). Data were analyzed by an on-treatment (OT) and intention-to-treat (ITT) 
approach. Analyses were primarily performed on the group of patients who switched 
following first-line virological failure.

Results

Median duration of follow-up after switch to second-line treatment was 20 months 
[IQR 11-35 months]. 191 patients had switched to second-line ART due to first-line 
virological failure. 139/191 of them (72.8%, ITT) were in care and on treatment at 
the end of follow-up and 11/191 (5.8%, ITT) had died. After twelve months, an 
adequate virological response was seen in 92/128 patients (71.9%, OT), of which 
78/128 (60.9%, OT) experienced full virological suppression. Virological response 
remained stable after 24 months. Virological efficacy was similar amongst adult and 
pediatric patients. As in first-line ART, we observed a lack of correlation between 
virological failure and WHO-defined immunological failure.

Conclusions

Good virological outcomes following first-line failure can be achieved with PI-based, 
second-line antiretroviral therapy in both adult and pediatric patients in rural South 
Africa. Retention rates were high and virological outcomes were sustainable during 
the two-year follow-up period, although persisting low-level viremia occurred in a 
subset of patients. The observed viro-immunological dissociation emphasizes the need 
for virological monitoring. 
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Introduction

Most of the people who are HIV-infected globally, reside in sub-Saharan Africa. The 
massive roll-out of antiretroviral therapy (ART) that has taken place in this region 
since 2003, resulted in a stark increase in the number of HIV-infected patients 
receiving treatment. Despite these impressive achievements, treating HIV-infected 
people in resource-limited settings (RLS) remains challenging.

The World Health Organization (WHO) recommends combining two nucleoside 
reverse transcriptase inhibitors (NRTIs) and one non-nucleoside reverse transcriptase 
inhibitor (NNRTI) as first-line ART in RLS [1]. The efficacy of these regimens 
has been studied extensively. In patients surviving and remaining in care after the 
initial months of treatment, improvements in clinical and immunological outcome 
measurements were comparable with those observed in Western countries [2]. 
Unfortunately, early outcomes are generally worse, as a result of high mortality rates 
soon after treatment start [3, 4]. Studies performed in RLS are typically set in urban 
areas. However, data from non-urban settings are limited. Previously, we analyzed 
the efficacy of first-line ART in a cohort of HIV-infected patients in a rural setting in 
South Africa [5]. Virological treatment failure was seen in twenty percent of patients 
who survived the first three months of therapy, which is comparable with other 
reports on the efficacy of first-line ART in RLS [2, 4, 6]. 

Second-line antiretroviral therapy in RLS generally consists of a ritonavir-boosted 
protease inhibitor (PI), mostly lopinavir, combined with a dual NRTI backbone 
[1]. As an HIV infection requires life-long treatment, and as there will always be a 
proportion of patients that experiences virological failure during therapy, the need for 
second- and consecutive lines of ART regimens will increase over time, even when 
first-line efficacy is generally good. 

The efficacy of second-line ART programs in RLS may be different from that 
previously described for Western countries for several reasons. First, HIV subtypes 
circulating in African countries vary, with subtype C being most frequent, whereas 
subtype B is most prevalent in Western countries [7]. Different HIV subtypes may 
respond differently to the various antiretroviral agents and may use other pathways 
for selecting resistance mutations. It is not clear if this concerns reverse transcriptase 
mutations only or those in protease as well [2, 8]. Second, in Western countries a 
second-line ART regimen is commonly composed following genotypic resistance 
testing which enables the selection of a regimen with an optimal genetic barrier. 
In RLS genotypic resistance testing on an individual basis is generally not feasible 
and second-line regimens are therefore mostly initiated empirically. In practice, this 
usually means a switch of the NNRTI to a boosted PI. The NRTI backbone is partly 
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retained, with the continuation of lamivudine and, depending on the availability of 
alternative options, one new NRTI. Due to NRTI cross-resistance, this approach 
frequently results in the use of second-line regimens with a suboptimal backbone, 
potentially affecting treatment efficacy. This may be of limited clinical relevance, as 
PI-monotherapy generally results in adequate virological outcomes in a majority of 
patients [9]. Still, the actual efficacy of such a strategy remains to be seen. 

Data on the efficacy of second-line ART in RLS are rare; the few existing studies 
are limited by cohort size and follow-up duration and are mainly based in urban areas. 
Early reports generally show good short-term outcomes with high rates of survival, 
immune reconstitution and virological suppression on second-line therapy [10-12]. 
Reported virological failure rates are varying. A recent review and earlier studies 
describe relatively high proportions of patients experiencing virological failure, mostly 
within the first six months after switch to a second-line regimen [13-16]. Longer-
term follow-up data on second-line regimens are sparse, due to the relatively short 
time period that such regimens have been in use and to the limited availability of 
virological monitoring in these regions. Our study describes long-term virological, as 
well as immunological and clinical, efficacy of PI-based second-line ART in a rural 
setting using regular plasma HIV-1 viral load monitoring.

Methods

Setting / study site

Elandsdoorn is a township situated in a poor, rural area in Limpopo, a province in 
the northeast of the Republic of South Africa. HIV prevalence among antenatal 
clinic attendees in 2010 was 21.9% in this province [17]. Ndlovu Medical Centre is 
a non-governmental organization in Elandsdoorn (www.ndlovucaregroup.co.za) that 
provides “paid for service” primary health care, as well as prevention-, tuberculosis- 
and HIV/AIDS-programs which are donor-funded and free of charge for the patient. 
It serves a population of 120 000 – 140 000 people and around 4000 HIV-infected 
patients are in care at the clinic. Patients are seen by doctors and HIV-counselors 
during each clinic visit in order to provide information and to stimulate treatment 
adherence. In a previous study, genotyping in this cohort showed that all viruses were 
of HIV-1 subtype-C origin [18].

Ethics statement

Medical ethics review was not required for this observational cohort study that was a 
follow-up of previous studies conducted on this cohort [5, 18-20]. Data were extracted 
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from medical charts retrospectively. All information and results had been collected 
previously in the course of routine clinical care in the treatment evaluation program. 
Privacy of patients was provided by analyzing data anonymously. All patients signed 
informed consent prior to the start of ART for data collection and evaluation. 

Patients and monitoring

For this study, all patients who initiated (standard public-sector) PI-based second-line 
therapy at the Ndlovu Medical Centre at least 12 months prior to data extraction 
(between March 2004 and October 2010) were included. All patients had been 
previously treated with a WHO-recommended, NNRTI-based first-line ART 
regimen. Tenofovir was not prescribed for children, as current guidelines do not 
encourage its use in prepuberty. For second-line regimens, the NNRTI was replaced 
by ritonavir-boosted lopinavir in all patients, and combined with various NRTI-
backbones. Pediatric dosages of lopinavir/ritonavir were supplied as oral solution, 
while for adults the capsule formulation (which needs to be refrigerated) was replaced 
by tablets in 2008.

Virological failure on first-line treatment was the main reason to switch to second-
line therapy. In certain cases, there were other reasons to switch, such as adverse 
drug events while using first-line treatment. Virological failure on first-line ART 
was defined as a plasma HIV-1 viral load rising to over 1000 copies/ml after initial 
virological suppression (plasma HIV-1 viral load <400 copies/ml), or continued 
detectable plasma HIV-1 viral loads over 400 copies/ml, after at least six months of 
ART. 

Plasma HIV-1 viral loads (System 340 bDNA analyzer, Bayer AG, Leverkusen, 
Germany) and CD4 counts (FACSCalibur system, Becton Dickinson Biosciences, 
San Jose, CA) during treatment were measured biannually in the laboratory on site. 
Shortly before and three months after switch to second-line therapy, additional plasma 
HIV-1 viral load measurements were performed. 

Data extraction

Data were retrospectively collected from the medical charts, using routinely collected 
follow-up data. Baseline information regarding previous first-line therapy, social 
status, age and gender were collected from the charts, as was the duration of first-line 
therapy. Initial first-line regimens were described. A drug switch within the NRTI 
class because of adverse drug events was not considered to be a switch to second-line 
treatment. A change to at least one new antiretroviral drug class was considered to 
define a switch to second-line treatment. 
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Statistical analysis

The primary endpoints were achieving virological success (either through full 
virological suppression or an adequate virological response), both at fixed time 
points after start of second-line treatment and at end of follow-up, and experiencing 
treatment failure during second-line therapy. Full virological suppression was 
defined as a plasma HIV-1 RNA <50 copies/ml and the definition of an adequate 
virological response was a plasma HIV-1 viral load <400 copies/ml. A plasma HIV-
1 viral load >1000 copies/ml confirmed by a subsequent measurement after an 
initial adequate viral response was used to define virological failure. However, if no 
subsequent measurements were available, and the last plasma HIV-1 RNA was above 
1000 copies/ml, patients were also considered to experience virological failure. The 
continued (more than six months) detection of plasma HIV-1 RNA >400 copies/ml 
was considered to represent on-going viremia. Both virological failure and on-going 
viremia were regarded as second-line treatment failure. Virological responses were 
determined both for the entire group, and separately for adults and children (age <15 
years).

Secondary endpoints were both clinical parameters (mortality from all causes, 
being lost to follow-up or being transferred out) and immunological parameters 
(absolute change in CD4 counts). A patient was considered lost to follow-up if he or 
she had not shown up at the clinic for six months or longer before the moment of data 
extraction and if there was no available information on death or transfer out to another 
clinic. Immunological responses were only analyzed for the adult patients and children 
of 5 years and older, as CD4 percentages, the preferred immunological parameter for 
HIV-infected children younger than five, were not available. Immunological failure 
for adult patients was defined according to the WHO guidelines as either a CD4 
count after six months of therapy below 100 cells/μl or below the pre-therapy count, 
or a 50% decline from the on-treatment peak CD4 count value [1]. 

All analyses on second-line ART outcome were primarily performed on the group 
of patients who had switched following first-line virological failure and were repeated 
for the total group of patients.

Data were analyzed by an intention-to-treat (ITT) and on an on-treatment (OT) 
approach at fixed time points, for which a window period of three months prior to 
and following that time point was accepted for data collection. The end of follow-
up for virological or immunological response was defined as the most recent date 
with available results on either plasma HIV-1 RNA or CD4 cell count, respectively, 
before the time of data extraction, death, transfer out or being lost to follow-up. 
Continuous data were compared with the Student’s t-test or the paired t-test as 
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appropriate. Proportions were compared with the chi-squared test and data that were 
not normally distributed were analyzed via the Mann-Whitney U or Wilcoxon rank-
test. Kaplan-Meier survival analyses were used to estimate the time from switch to 
second-line ART to full virological suppression. To define predictors of treatment 
failure, univariate analyses were performed with the following determinants: age, 
gender, being a child, first-line ART regimen (zidovudine versus stavudine as NRTIs 
and nevirapine versus efavirenz as NNRTIs), change of CD4 count during first-line 
treatment, CD4 count at the moment of switch to second-line ART, calendar year of 
switch, duration of first-line treatment, duration of documented first-line treatment 
failure, and duration of second-line treatment. Multivariable analysis was performed 
by using the logistic regression model, including all variables that were associated 
with the outcome (P<0.50) in univariate analysis. A P-value <0.05 was considered 
statistically significant. Data were processed and statistical analyses were done using 
SPSS version 17.0.

Results

Baseline Characteristics

A total of 210 patients were started on PI-based, second-line antiretroviral therapy at 
least 12 months prior to data collection, and were included in analyses. In 191/210 
patients (91.0%) the reason to switch to second-line therapy was first-line treatment 
failure. The other 19 patients (9.0%) mainly switched for reasons of toxicity. Only 
eight of those had an undetectable plasma HIV-1 viral load at the moment of switch.

Most patients were female (69.0% (145/210)) and 18.6% (39/210) of patients 
were children under 15 years. 27 of these children were 5 years or older at the time of 
switch. Unemployment amongst adults was high (68.4% (117/171)).

Patients were severely immune compromised at initiation of first-line ART, 
as shown by the low median CD4 counts (62 cells/μl [IQR 18-139 cells/μl]) at 
treatment start. First-line ART consisted of lamivudine (3TC) with stavudine (d4T) 
or zidovudine (AZT) as NRTIs and efavirenz (EFV) (96/210 (45.7%)) or nevirapine 
(NVP) (112/210 (53.3%)) as NNRTI. The median duration of first-line treatment 
was 19 months [IQR 11-31 months]. The median duration between first documented 
virological failure on first-line ART and the moment of switch to second-line 
treatment was 6 months [IQR 3-11 months]. 

The median log plasma HIV-1 viral load in the total group at time of switch to 
second-line therapy (4.01 [IQR 3.40-4.48]) was significantly lower than that at time 
of ART initiation (4.94 [IQR 4.44-5.35]) (P<0.05). During the first-line treatment 
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period, stavudine had often been replaced by zidovudine or another NRTI, decreasing 
stavudine usage from 69.5% in first- to 4.8% of patients in second-line regimens. In 
contrast, tenofovir was prescribed to only 0.6% (1/171) of adult patients for the 
first-line regimen, as compared to 19.3% (33/171) for second-line ART. The median 
duration of follow-up after switch was 20 months [IQR 11-35 months].

Baseline characteristics were similar for the entire group and the group of patients 
who had switched due to first-line treatment failure (data not shown). Baseline 
characteristics at start of first- and second-line treatment are summarized in Table 1.

Patient retention and immunological response on 2nd line ART

Retention rate at the end of follow-up (whilst on second-line ART) was 72.8%, with a 
total of 139/191 patients still being in care and on treatment among the 191 patients 
who had switched to second-line ART following first-line virological failure. 7.9% 
(15/191) of them were known to be transferred out to other clinics. Approximately 
one eighth of the cohort (26/191, 13.6%) was lost to follow-up at the moment of 
data extraction. 5.8% (11/191) of patients were known to have died during the 
observational period; half of them (6/11 (54.5%)) died within the first year after the 
switch to second-line ART.

Among these patients who had switched due to first-line failure, a cross-sectional 
on-treatment analysis at 12 months after start of second-line therapy showed a median 
CD4 count of 354 cells/µl [IQR 194-508 cells/µl] and 641 cells/µl [IQR 459-1245 
cells/µl], based on 91 adult and 21 pediatric patients with data available at that time 
point, respectively. Among adults, the CD4 count showed a median increase of 152 
cells/µl [IQR -4-398 cells/µl] from the time of switch until the end of follow-up, 
resulting in a median CD4 count of 384 cells/µl [IQR 204-586 cells/µl] at end of 
follow-up. The CD4 count change in 27 children was 27 cells/µl [IQR -172-210 
cells/µl] and median CD4 count at end of follow-up was 696 cells/µl [IQR 357-
1189 cells/µl]. At the end of follow-up, immunological failure according to WHO 
criteria was seen in twenty-four percent of adult patients. Clinical and immunological 
outcomes are summarized in Table 2.

Virological response on 2nd line ART

Cross-sectional analyses showed an adequate virological response (plasma HIV-1 
RNA <400 copies/ml) in 71.9% (92/128, OT) of patients after one year, and in 
75.0% (63/84, OT) after two years of second-line ART; 60.9% (78/128, OT) and 
64.3% (54/84, OT) experienced full virological suppression (plasma HIV-1 RNA 
<50 copies/ml) after one and two years respectively. Of the 191 patients who had 
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Table 1. Baseline characteristics.

Characteristic N=210

Male sex 65 (31.0)
Age, years 33 [24-40]

Child (<15 years) 39 (18.6)

Unemployed adults (N=171) 117 (68.4)

CD4 count, cells/µl

Adults

At start of 1st line ART 62 [18 – 139]

Change from start 1st line ART to switch 108 [43 – 201]

At time of switch 187 [93 – 299]

Children ≥5 years

At time of switch 485 [308 – 983]

HIV-1 viral load, log10 copies/ml

At start of 1st line ART 4.94 [4.44 – 5.35]

At time of switch 4.01 [3.40 – 4.48]

Duration 1st line, months 19 [11 – 31]
Documented duration virological failure before 
switch to 2nd line regimen, months

6 [3 – 11]

Duration 2nd line, months 20 [11 – 35]

Initial 1st line regimen

NRTI Lamivudine + stavudine 146 (69.5)

Lamivudine + zidovudine 61 (29.0)

Lamivudine + tenofovir 1 (0.5)

Unknown 2 (1.0)

NNRTI                            Nevirapin 112 (53.3)

Efavirenz 96 (45.7)

Unknown 2 (1.0)

2nd line regimen

Lamivudine + zidovudine + lopinavir / ritonavir 151 (71.9)

Lamivudine + tenofovir + lopinavir / ritonavir 28 (13.3)

Lamivudine + stavudine + lopinavir / ritonavir 10 (4.8)

Emtricitabine + tenofovir + lopinavir / ritonavir 2 (1.0)

Lamivudine + abacavir + lopinavir / ritonavir 1 (0.5)

Other backbone + lopinavir / ritonavir 18 (8.6)

Data are no. (%) of patients or median value [interquartile range]. Abbreviations: ART, antiretroviral 
therapy; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase 
inhibitor.
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started second-line ART following first-line treatment failure, 67.5% (129/191, ITT) 
showed an adequate virological response and 58.1% (111/191, ITT) full virological 
suppression at the end of follow-up. No differences in virological response between 
age groups were observed. Virological results are summarized in Table 3 and Figure 1. 
Full virological suppression over the course of time is shown in Figure 2. 

Table 2. Clinical and immunological outcome at end of follow-up and after 1 year of 2nd line ART.

Clinical outcome at end of follow-up ITT, N=191

In care and on treatment 139 (72.8)

Transferred out 15 (7.9)

Lost to follow-up 26 (13.6)

Death 11 (5.8)

Immunological outcome Adults Children ≥5 years

CD4 count, cells/µl

12 months after start 2nd line 354 [194-508] (OT, N=91) 641 [459-1245] (OT, N=21)

At end of follow-up 384 [204-586] (ITT, N=152) 696 [375-1189] (ITT, N=27)

Change from switch to end of follow-up 152 [-4-398] (ITT, N=152) 27 [-172-210] (ITT, N=27)

Immunological failure at end of follow-up 37 (24.3) (ITT, N=152)

Data are no. (%) of patients or median value [interquartile range]. Data are only given for patients who 
switched following first-line treatment failure. Abbreviations: ART, antiretroviral therapy; ITT, intention-
to-treat analysis; OT, on-treatment analysis; N, number of patients. Immunological failure was defined 
according to the WHO guidelines: a CD4 count after six months of therapy below 100 cells/µl or below 
the pre-therapy count, or a 50% decline from the on-treatment peak CD4 count value [1].

Table 3. Virological response after start 2nd line ART. Cross-sectional, on-treatment analysis.

Virological response after start second-line ART 
Plasma HIV-1 RNA, copies/ml

Total Adults Children 
≥5 years

6 months
< 400 71 (95/134) 71 (75/106) 71 (20/28)
< 50 55 (74/134) 58 (61/106) 46 (13/28)

12 months
< 400 72 (92/128) 71 (68/96) 75 (24/32)
< 50 61 (78/128) 60 (58/96) 63 (20/32)

18 months
< 400 69 (82/119) 69 (62/90) 69 (20/29)
< 50 59 (70/119) 59 (53/90) 59 (17/29)

24 months
< 400 75 (63/84) 77 (49/64) 70 (14/20)
< 50 64 (54/84) 66 (42/64) 60 (12/20)

Data are % (no.) of patients. Data are only given for patients who switched following first-line treatment 
failure. Abbreviations: ART, antiretroviral therapy.
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Figure 1. Virological outcome at end of follow-up; N=191.
Patients who switched following first-line treatment failure.
N: number of patients. Full virological suppression: plasma HIV-1 RNA <50 copies/ml, low viral 
replication: 50< plasma HIV-1 RNA <400 copies/ml, virological failure: plasma HIV-1 RNA >1000 
copies/ml after initial VL <400 copies/ml, on-going viremia: plasma HIV-1 RNA never <400 copies/ml. 
Indeterminate outcome: duration of follow-up <6 months without adequate virological response.
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Figure 2. Initial full virological suppression (plasma HIV-1 RNA <50 copies/ml).
Patients who switched following first-line treatment failure. N: number of patients at risk.
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Treatment failure was seen in 48/191 (25.1%, ITT) patients of which 14.7% (28/191) 
showed virological failure and 10.5% (20/191) on-going viremia. Consecutive 
measurements of plasma HIV-1 RNA above 1000 copies/ml were available for almost 
half (13) of the 28 patients who experienced virological failure; in the remaining 
15 patients such a high plasma HIV-1 RNA was only seen once. Median duration 
of follow-up for the patients with treatment failure was 20 months [IQR 13-30] 
compared to 23 months [IQR 16-39] for the patients achieving virological success, 
which was not significantly different (P=0.15). No risk factors were found to be 
significantly correlated with failure on second-line treatment in univariate analysis. 
However, an association with the outcome (P<0.50) was found for the following risk 
factors: gender, CD4 count at moment of switch and duration of second-line ART, 
and were thus included in multivariable analysis. After multivariable analysis none of 
these factors were found to be independently associated with treatment failure. 

We observed a lack of correlation between immunological and virological failure; 
only 24 of the 39 (61.5%) adult patients experiencing virological failure or on-going 
viremia showed immunological failure. Reversely, an adequate virological response 
was seen in 13 of the 37 adults (35.1%) with immunological failure according to the 
WHO-guidelines [1].

All analyses were repeated on the group of 210 patients including the 19 patients 
who had switched to second-line ART for other reasons than first-line treatment failure. 
These analyses generated similar results for virological, clinical and immunological 
efficacy (data not shown).

Discussion

In this cohort in rural South Africa, good virological response on second-line 
antiretroviral therapy following first-line failure was seen during a long period of 
follow-up. This observational study reflects the actual efficacy of PI-based second-
line ART in our cohort, in which regular virological monitoring is routine clinical 
practice.

Only few other reports on virological efficacy of PI-based second-line ART in sub-
Saharan Africa have been published, most of them from urban areas. One group from 
Malawi reported on second-line treatment in a prospective observational study, where 
virological monitoring was performed every three months. Results of this cohort 
showed higher numbers of virological suppression after twelve months of second-line 
therapy [10]. Although these results are promising, three-monthly virological testing 
does not seem to be feasible in RLS where financial restrictions limit the possibilities 
of frequent monitoring. In an urban South African cohort in which the frequency of 
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virological monitoring was the same as in our cohort, similar proportions of patients 
reaching virological suppression <400 copies/ml were seen after one year of second-
line ART in on-treatment analyses. Results of intention-to-treat analyses were not 
reported in this study [11]. Two other studies from South Africa showed comparable 
results, although they only reported short-term (6-month) efficacy of second-line 
therapy [12, 13]. A recent pilot study conducted in diverse RLS investigated the 
efficacy of lopinavir/ritonavir monotherapy as a second-line regimen. This strategy 
resulted in a high proportion of patients reaching a plasma HIV-1 viral load below 
400 copies/ml after half a year, which is a promising result. However, the long-term 
efficacy in clinical practice of this strategy remains to be seen [21].

In most of the ART efficacy studies in RLS, a cut-off point of plasma HIV-1 
RNA <400 copies/ml was used to define an adequate virological response. However, 
in developed countries, a more strict value (plasma HIV-1 RNA <50 copies/ml) is 
generally used to define virological suppression [22, 23]. Low-level viremia, with 
plasma HIV-1 viral loads remaining between 50 and 400 copies/ml, may indicate 
on-going viral replication and could therefore lead to the selection of drug-resistance 
mutations and subsequent virological failure [24]. In the presence of a boosted 
PI the clinical relevance of low-level viremia may be limited. Longer follow-up is 
needed to find out how many patients with such low-level viremia will eventually 
indeed experience virological failure. Although the number of patients reaching a 
plasma HIV-1 viral load <400 copies/ml in our cohort seems adequate and remained 
stable after 12 and 24 months, the number of patients experiencing full virological 
suppression (plasma HIV-1 viral load <50 copies/ml) was clearly lower (60.9% versus 
71.9% and 64.3% versus 75.0% respectively). 

Virological efficacy of second-line PI-based ART in children in the current study 
was similar to adult patients. This finding was remarkable, considering the first-line 
(NNRTI-based) regimen outcomes in this cohort, where treatment failure occurred 
more often in children than in adults. These analyses were performed amongst patient 
groups that were comparable to the subjects included in the current study [19, 20]. 
The relatively good outcome amongst pediatric patients suggests that a PI-based 
regimen in children results in a better virological response compared to an NNRTI-
based regimen. A recently published trial on HIV-treatment in therapy-naïve children 
in RLS indeed reports a boosted PI to be superior over nevirapine in first-line ART 
[25].

Treatment failure (virological failure or on-going viremia) had occurred in a 
quarter of patients at the end of follow-up, numbers being comparable to the earlier 
mentioned studies on PI-based second-line ART in sub-Saharan Africa [10-13]. 
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Higher proportions of patients (35-40%) experiencing failure on second-line therapy, 
based on virological parameters, were found in two other, South African studies. 
However, these studies had a cross-sectional design and the duration of second-line 
ART was not mentioned for all patients in those studies. It was not mentioned if 
routinely virological monitoring was performed at the study sites [14, 15].

Mortality within twelve months after treatment switch and at the end of follow-
up was low, in contrast to the previously described high early mortality rates after 
initiation of first-line ART in RLS [5, 26]. On the other hand, the numbers are 
comparable with those observed by other South African studies on the efficacy of 
second-line ART in settings with virological monitoring [12, 13]. In a study that used 
clinical and immunological parameters to define treatment failure, however, a higher 
mortality rate was observed (10% mortality within the first year after treatment 
switch) [27]. A mortality rate of 5.4% was seen in an African and Asian multicohort 
study, in which mainly clinical parameters were used as well [28].

The median CD4 count increase from start of second-line ART until end of follow-
up among adults was substantial and similar to that reported by other observational 
studies [10, 11].

In this study, the correlation between immunological and virological failure on 
second-line ART seemed to be minimal. As virological failure precedes immunological 
and clinical failure, patients experiencing treatment failure were probably frequently 
detected prior to overt CD4 count decreases and clinical deterioration had occurred, 
because of regular virological monitoring [29-32]. Alternatively, an adequate 
virological response was seen in more than one third of patients showing WHO-
defined immunological failure. This might prevent unnecessary treatment switches 
with increased costs in the future when consecutive regimens will become available. 
Such viro-immunological dissociation was previously observed in our cohort at the 
moment of first-line treatment failure, and has been described in other reports as well 
[5, 20]. These findings emphasize the need for virological monitoring in patients on 
antiretroviral therapy as a way to detect treatment failure.

There are some limitations to this study. First, as it is a retrospective observational 
study, there may be unmeasured underlying determinants influencing results. 
Second, there were some missing data, mainly due to patients being lost to follow-up. 
Unfortunately, causes of attrition in these patients were unknown. Third, adherence 
was not systematically measured in our cohort. Further, analyses on immunological 
response were only possible for adult patients and children of 5 years and older, as 
CD4 percentages were not available for the small group of pediatric patients under 
the age of 5. Last, there was a considerable diversity in time of follow-up after start 
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of second-line treatment, limiting the number of patients with prolonged follow-up 
times (>18 months). 

In summary, this observational cohort study shows that second-line antiretroviral 
therapy in a rural area in South Africa can result in an adequate and sustained 
virological response in a significant number of patients, in both adults and children, 
following first-line treatment failure. Unfortunately, full virological suppression is 
seen in only about sixty percent of patients. As a result, persisting low-level viral 
replication may occur in some patients. It remains to be seen whether this is of clinical 
relevance in PI-based regimens. Regular virological monitoring is necessary to detect 
treatment failure before immunological deterioration occurs.
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Abstract

Background

As life expectancy improves among human immunodeficiency virus (HIV) patients, 
renal and cardiovascular diseases are increasingly prevalent in this population. Renal 
and cardiovascular disease are mutual risk factors and are characterized by albuminuria. 
Understanding the interactions between HIV, cardiovascular risk factors and renal 
disease is the first step in tackling this new therapeutic frontier in HIV. 

Methods

In a rural primary health care center, 903 HIV-infected adult patients were randomly 
selected and data on HIV infection and cardiovascular risk factors were collected. 
Glomerular filtration rate (eGFR) was estimated. Albuminuria was defined as an 
Albumin-Creatinine-Ratio above 30 mg/g. Multivariate logistic regression analysis 
was used to analyze albuminuria and demographic, clinical and HIV-associated 
variables. 

Results

In the cohort, 21% had albuminuria and 2% an eGFR <60 ml/min/1.73m2. 
Albuminuria was associated with hypertension (adjusted odds ratio (aOR) 1.59; 
95% confidence interval (CI) 1.05 – 2.41; P<0.05), total cholesterol (aOR 1.31; 
95% CI 1.11 – 1.54; P<0.05), eGFR (aOR 0.98; 95% CI 0.97 – 0.99; P<0.001) 
and detectable viral load (aOR 2.74; 95% CI 1.56 – 4.79; P<0.001). Hypertension 
was undertreated: 78% were not receiving treatment, while another 11% were 
inadequately treated. No patients were receiving lipid-lowering medication.

Conclusion

Glomerular filtration rate was well conserved, while albuminuria was common 
amongst HIV-infected patients in rural South Africa. Both cardiovascular and HIV-
specific variables were associated with albuminuria. Improved cardiovascular risk 
prevention as well as adequate virus suppression might be the key to escape the vicious 
circle of renal failure and cardiovascular disease and improve the long-term prognosis 
of HIV-infected patients.
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Introduction

The global impact of human immunodeficiency virus (HIV) infection is immense. At 
the end of 2013, worldwide an estimated 35 million adults and children live with HIV 
and 1.5 million deaths were caused by acquired immune deficiency syndrome (AIDS) 
[1]. South Africa has one of the highest burdens of AIDS globally, with approximately 
240 000 AIDS-related deaths in 2013 alone [2]. Fortunately, due to the enormous 
roll-out of antiretroviral therapy (ART), the incidence of HIV has stabilized and life 
expectancy of people living with HIV has improved tremendously [3]. HIV is now 
considered a chronic disease and its prevalence has subsequently increased. With an 
aging population of people living with HIV, the focus of today’s HIV care is shifting 
from treating acute illnesses caused by opportunistic infections towards reducing 
chronic comorbidities [3]. 

Cardiovascular and renal disease are important co-morbid conditions among 
patients with HIV, including patients from sub-Saharan Africa (SSA) [4]. Several 
factors predispose HIV-infected patients to developing renal disease. Factors directly 
associated with HIV infection include an increased susceptibility for renal infections, 
direct renal damage through HIV-associated nephropathy (HIVAN) and anti-HIV 
immune complex mediated glomerulonephritis (HIVICK) [5]. Nephrotoxicity can 
result from HIV-associated treatments, such as antimycotic agents, and ART, such as 
tenofovir and indinavir [6, 7]. The increased prevalence of traditional cardiovascular 
risk factors seen in HIV-infected patients predisposes these patients even further to 
developing kidney damage [8, 9]. In addition to the burden of kidney disease, the 
prevalence of cardiovascular disease (CVD) is increasing in SSA, as well as among 
HIV-positive patients [10-12]. Among the general population in SSA, HIV is the 
leading overall cause of death, while CVD is second [13]. A vicious circle ensues 
where CVD causes kidney damage, which in turn worsens cardiovascular risk [14-
16]. 

Albuminuria characterizes this vicious cardio-vascular-renal circle and is a marker 
for both renal disease and a prognostic marker for cardiovascular risk in HIV-positive 
patients [17, 18]. HIV-infected patients with albuminuria are significantly more 
likely to develop a decreased glomerular filtration rate (GFR) than those without 
[17]. In addition, albuminuria is associated with a higher risk of developing CVD 
and a higher all-cause mortality rate in HIV-positive patients [18-22]. An increased 
risk for experiencing an atherosclerotic cardiovascular event (CVE) and heart failure 
have been described in HIV-infected patients with albuminuria, as compared to those 
without [19]. 
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Albuminuria results from an altered balance between glomerular filtration and tubular 
resorption, both of which may be altered by diabetes, hypertension, HIV infection 
and its potentially nephrotoxic medication [23, 24]. The association between clinical 
variables with albuminuria has been studied in different populations of HIV-positive 
patients. Both cardiovascular and HIV-associated risk factors, such as diabetes, 
hypertension, viral load and type of ART regimen, were found to be linked to 
albuminuria [17, 25-30]. Although associations are known, the exact mechanism for 
the increased CVD risk in HIV-infected patients with albuminuria remains unclear. 
Possibly, associations can be explained by a common pathophysiologic process, such 
as endothelial dysfunction or chronic low-grade inflammation [31]. HIV infection 
is expected to cause chronic inflammation and may thus play a role in the increased 
risk [32]. ART can act additionally in two ways, decreasing inflammation through 
suppressing HIV viral load, as well as increasing inflammation through its toxic side 
effects.

To our knowledge, the interaction between impaired GFR, albuminuria and 
cardiovascular and HIV-associated determinants has not yet been studied amongst 
HIV-positive patients in SSA. However, data from Western countries cannot simply 
be extrapolated to SSA, the most impacted area by the HIV pandemic, for several 
reasons. First, chronic kidney disease is three to four times more prevalent in this 
area and CVD has vastly increased [13, 33]. Secondly, the type and nature of kidney 
disease amongst HIV-infected patients in SSA differs, with generally a more aggressive 
course of HIVAN in patients with African ancestry [34]. Thirdly, the decreased 
access to, and often-delayed start of, ART in SSA patients results in a higher risk of 
developing HIV-associated renal disease [6, 35]. Early identification of patients at 
increased risk of developing renal disease is especially important in SSA. Patients often 
cannot afford renal replacement therapy, making renal failure a terminal condition 
[36]. Sub-Saharan Africans form not only an important population to investigate 
the relation between HIV, renal disease and CVD, but due to the high incidence and 
the limited access to dialysis and transplantation, it is also the population that would 
benefit most from preventive measures to attenuate progression of renal and vascular 
disease. 

The current study aimed to provide epidemiological data on the prevalence 
of decreased GFR and albuminuria. Additionally, the study aimed to describe the 
association of cardiovascular and HIV-related factors with albuminuria among HIV-
positive patients in a rural population in South Africa as an essential first step towards 
the identification of factors amenable to therapeutic intervention. Thus aiding in the 
development of treatments to face the new frontiers in the care for HIV infected 
individuals. 
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Methods

Setting and study population

The cohort consisted of 903 adult patients (aged 18-74 years)  from the Ndlovu 
Medical Centre (NMC) in South Africa. NMC provides primary health care in 
Elandsdoorn, a rural area in Limpopo, South Africa (www.ndlovucaregroup.com). 
The clinic provides care to a population of approximately 120 000 - 140 000 
patients in the area. A fully funded ART program is available since 2003, including 
HIV treatment and testing for approximately 3600 HIV-positive patients. A previous 
study demonstrated that HIV in this region is generally of the HIV-1 subtype-C 
origin [37]. 

Data collection

Known adult HIV-infected patients visiting the outpatient ward for routine clinical 
care were randomly selected from the waiting queue by research personnel through 
blind selection of the medical file. Patients were eligible regardless of severity of 
disease or comorbidities and were included after obtaining informed consent. Patients 
without a urine sample available (n=3) were excluded from the study. Data collection 
took place from May 1st 2013 - December 9th 2013, by trained research personnel 
using a standardized protocol. In a one-time clinical visit, weight, height, waist 
circumference, pulse rate and blood pressure were examined according to standard 
procedure. Blood pressure was measured manually using a sphygmomanometer 
after ten minutes of rest in a sitting position, using Korotkov tones to identify the 
systolic and diastolic pressures. Three separate blood pressure measurements were 
made on the left and the right arm, with the third measurement on the arm with 
the highest blood pressure, where the average of the three was recorded. The Body 
Mass Index (BMI) was calculated as the weight in kilograms divided by the square 
of height in meters. A baseline questionnaire was completed to obtain demographic 
information and additional information concerning self-reported alcohol and tobacco 
use, family history of CVD, self-reported history of CVD, diabetes and medication 
use. Venous blood was collected into ethylenediaminetetraacetic acid (EDTA) and 
serum separating tube (SST) tubes and one random sample of urine was obtained. 
The Dade Dimension (Siemens, Germany) diagnostic analyzer was used to determine 
the values of serum creatinine, alanine aminotransferase (ALT), total cholesterol, high 
density lipoprotein (HDL) cholesterol, triglycerides, glycated hemoglobin (HbA1c) 
and urine ACR using commercial Siemens kits in the laboratory (Toga laboratories, 
accreditation by the South African National Accreditation System (SANAS)). Plasma 
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HIV-1 viral loads (System 340 bDNA analyzer, Bayer, Germany) and CD4 cell counts 
(fc500 MPL Coulter analyzer, Beckman Coulter, United States) were determined. 
Medical history was obtained from the medical file, including information on date 
of HIV infection diagnosis, start date of ART, current ART regimen, most recent 
CD4 cell count and most recent HIV-1 viral load (both less than 1 year old). Any 
abnormalities found were reported back to the treating clinician for further follow-
up. Routine clinical management was not interrupted for the study. Ethical approval 
was received from the Research Ethics Committee of the Faculty of Health Sciences 
from the University of Pretoria. Research was conducted according to the Helsinki 
Declaration of 1975.

Statistical analysis

Estimated glomerular filtration rate (eGFR) and albuminuria were the primary 
outcome variables. eGFR was calculated according to the 2009 Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) formula and the Modification of 
Diet in Renal Disease (MDRD) formula [38, 39]. eGFR was categorized in three 
categories: eGFR ≥90 ml/min/1.73m2, eGFR 60-90 ml/min/1.73m2 and eGFR 
<60 ml/min/1.73m2 [39]. Albuminuria was categorized using the urinary Albumin-
Creatinine-Ratio (ACR) as moderately increased (ACR 30 - 300 mg/g) or severely 
increased (ACR >300 mg/g) [39]. 

Demographic, traditional cardiovascular risk factors and HIV-specific covariates 
were analyzed for a possible association with the primary outcome. Demographic 
variables included age and gender. Traditional CVD risk factors included diabetes 
mellitus (use of diabetic medication or HbA1c >6.5% [40, 41]), hypertension (defined 
as diastolic blood pressure ≥90 mmHg and / or systolic blood pressure ≥140 mmHg 
or use of antihypertensive medication) and the lipid profile. Total cholesterol, HDL 
cholesterol and triglycerides were measured and low-density lipoprotein (LDL) was 
determined using the Friedewald formula [42]. Obesity was defined as a BMI above 
30 kg/m2 [43]. Waist circumference was measured and defined as enlarged in case of a 
circumference >94 cm for men and >80 cm for women [43]. A positive family history 
for CVE was defined as having at least one first degree relative (parent or sibling) who 
had had a heart attack or stroke before the age of 60 years. A history of CVE was 
defined as a self-reported stroke or heart attack or symptoms matching a stroke or 
heart attack. The HIV viral load was categorized as undetectable VL (VL <50 copies/
ml) and elevated VL (VL ≥50 copies/ml, including all patients not currently on ART, 
whose viral loads were unknown, but assumed to be over 50 copies/ml). The total 
duration of ART exposure, duration since Voluntary Counseling and Testing (VCT) 
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and current exposure to tenofovir, abacavir, protease-inhibitor (PI) or non-nucleoside 
reverse-transcriptase inhibitor (NNRTI) were obtained from medical records.

The above-mentioned variables were examined for their association with 
albuminuria using regression models. Initially, each variable was analyzed in univariate 
analysis using either the Mann-Whitney U-test for continuous variables or the Chi-
squared test or Fisher’s Exact Test for categorical variables. The variables used in the 
regression models were either associated in univariate analysis (P<0.10) or known 
to be linked to the outcome in literature. In case of collinearity between variables 
(calculated by a Variance Inflation Factor ≥ 5), only the variable with the least missing 
data was included. A forced-entry binary logistic regression model was used. Adjusted 
Odds Ratios (aOR) for the variables were calculated, where a P-value below 0.05 was 
considered statistically significant. 

Viral load was not included in regression analysis of the whole cohort, due to a 
high proportion of missing viral load data for patients who had been receiving ART 
for less than 6 months. A separate logistic regression analysis was performed including 
only those patients who had been receiving ART for more than 6 months, in which 
the association between viral load and albuminuria was analyzed as well. All statistical 
analyses were performed using IBM SPSS Statistics software, version 22. 

Results

The characteristics of the 903 patients included in the cohort are presented in Table 1. 
The median age was 40 years and female gender was predominant (69%). Similar 
cohort characteristics were obtained for the 656 patients (73%) included in the 
subgroup analysis, containing only those patients who had been on ART for at least 
six months (Supplementary Table 1).

Moderately increased albuminuria (ACR 30 – 300 mg/g) was present in 20% 
(181/903) of patients and severely increased albuminuria (ACR >300 mg/g) in 1% 
(7/903). The vast majority of patients had a normal eGFR, with only 18 patients 
(2%) having an eGFR <60 ml/min/1.73m2, and 87 patients (10%) having an eGFR 
60-90 ml/min/1.73m2. Since decreased eGFR was rare, the power to compare the 
distribution of characteristics among subgroups was insufficient and further analysis 
of the relation between decreased eGFR and covariates could not be performed. The 
results for the prevalence of impaired eGFR were similar for both the MDRD and the 
CKD-EPI calculated eGFR (data not shown). Unless otherwise noted, the CKD-EPI 
eGFR will be recorded.

Albuminuria was linked with a higher frequency of diabetes, hypertension, 
higher total cholesterol and decreased eGFR. Of the 20 patients with an eGFR 
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Table 1. Characteristics of the study population
Variable Total ACR ≤30 mg/g ACR >30mg/g
Patients, no. (%) 903 715 (79) 188 (21)
Demographic factors

Age, years
Female sex

40 [34 - 48]
625 (69)

39 [34 – 46]
492 (69)

43 [36 – 51]
133 (71)

HIV status
Months since positive HIV test 26 [12 - 58] 27 [13 - 60] 24 [7 - 53]
Most recent CD4 cell count, cells/μl 387 [204 - 603] 406 [212 - 610] 327 [133 - 597]
HIV-1 viral load, copies/ml

<50
50 - 1000
>1000 
Missing

524 (58)
60 (7)
56 (6)

263 (29)

-
-
-
-

-
-
-
-

On ART 787 (87) 622 (87) 165 (88)

ART regimen of patients on treatment
NNRTI 
PI
Current tenofovir exposure
Current abacavir exposure

731 (93)
56 (7)

612 (78)
13 (2)

577 (93)
45 (7)

490 (79)
6 (1)

154 (93)
11 (7)

122 (74)
7 (4)

Duration on ART, months 24 [10 - 51] 25 [11 - 52] 20 [5 - 47]
Cardiovascular risk factors 
BMI >30 kg/m2 161 (18) 135 (19) 26 (14)
Large Waist Circumference a 407 (45) 329 (46) 78 (42)
Current smoker 130 (14) 105 (15) 25 (13)
Diabetes Mellitus b 36 (4) 20 (3) 16 (9)
Total cholesterol, mmol/l 4.40 [3.70 – 5.00] 4.30 [3.60 – 4.90] 4.60 [4.00 – 5.40]
LDL cholesterol, mmol/l 2.49 [1.90 – 3.00] 2.47 [1.88 – 2.96] 2.61 [2.00 – 3.33]
Hypertension c 205 (23) 142 (20) 63 (33)
Family History 51 (6) 39 (6) 12 (7)
Previous CVE 20 (2) 17 (2) 3 (2)
Laboratory values

eGFR (CKD-EPI), ml/min/1.73m2

<60 
60-90 
≥90 

eGFR (MDRD), ml/min/1.73m2

<60 
60-90 
≥90 

119.9 [103.9 – 133.0]
18 (2)
87 (10)
798 (88)

112.9 [95.7 – 131.9]
20 (2)

127 (14)
756 (84)

122.5 [107.7 – 133.7]
1 (0)
57 (8)

657 (92)
114.2 [98.2 – 132.4]

3 (0)
82 (12)
630 (88)

111.8 [89.8 – 129.9]
17 (9)
30 (16)
141 (75)

103.1 [84.7 – 123.9]
17 (9)
45 (24)
126 (67)

Creatinine serum, μmol/l 66 [57 - 78] 66 [57 - 76] 70 [58 - 86]
ALT, U/l 23 [17 - 33] 23 [17 - 33] 24 [19 - 36]

Data are no. (%) of patients or median value [interquartile range].
Abbreviations: ACR, albumin – creatinine ratio; ART, antiretroviral therapy; NNRTI, non-nucleoside reverse-
transcriptase inhibitor; PI, protease inhibitor; BMI, body mass index; LDL, low-density lipoprotein; CVE, 
cardiovascular event; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease – 
Epidemiology; MDRD, Modification of Diet in Renal Disease; ALT, alanine aminotransferase
a Large waist circumference: >94 cm men or >80 cm women; b Diabetes mellitus: HbA1c >6.5% or use of 
diabetes medication; c Hypertension: Systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg 
or use of antihypertensive medication. 
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Table 2. Variables associated with albuminuria in univariate and multivariate analysis in an unselected 
group of HIV-infected patients

Variable
Univariate

P-value
Multivariate adjusted odds ratio 

(95% confidence interval)
Multivariate

P-value

Demographic factors

Age, years
Female sex

0.001*
0.61

0.990 (0.970 – 1.012)
-

0.37
-

HIV status

Months since positive HIV test 0.06+ 0.997 (0.990 – 1.003) 0.31

Most recent CD4 cell count, cells/μl 0.01* 0.999 (0.999 – 1.000) 0.07

HIV-1 viral load, copies/ml - - -

On ART 0.78 - -

ART regimen
NNRTI 
PI 
Current tenofovir exposure
Current abacavir exposure

0.71
0.82
0.34
0.01*

1.075 (0.614 – 1.880)
-

0.831 (0.515 – 1.342)
1.674 (0.447 – 6.276)

0.80
-

0.45
0.44

Duration on ART, months 
(if started with ART previously) 0.02* Y -

Cardiovascular risk factors 

BMI >30 kg/m2 0.11 - -

Large Waist Circumference a 0.29 - -

Current smoker 0.63 - -

Diabetes Mellitus b <0.001* 2.047 (0.965 – 4.343) 0.06

Total cholesterol, mmol/l <0.001* 1.308 (1.111 – 1.539) <0.001*

LDL cholesterol, mmol/l 0.006* Y -

Hypertension c <0.001* 1.592 (1.050 – 2.415) 0.03*

Family History 0.57 - -

Previous CVE 0.78 - -

Laboratory values

eGFR (CKD-EPI), ml/min/1.73m2 <0.001* 0.978 (0.970 – 0.987) <0.001*

ALT, U/l 0.09+ 1.001 (0.995 – 1.007) 0.72

Included subjects in multivariate analysis: 865. Number of subjects with albuminuria: 174.
Albuminuria: Albumin – creatinine ratio >30 mg/g
ART, antiretroviral therapy; NNRTI, non-nucleoside reverse-transcriptase inhibitor; PI, protease 
inhibitor; BMI, body mass index; LDL, low-density lipoprotein; CVE, cardiovascular event; eGFR, 
estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease – Epidemiology; ALT, alanine 
aminotransferase
* P-value significant (P<0.05); + P-value between 0.05 and 0.10; Y Excluded due to collinearity with 
another variable; a Large waist circumference: >94 cm men or >80 cm women; b Diabetes mellitus: HbA1c 
>6.5% or use of diabetes medication; c Hypertension: Systolic blood pressure ≥140 mmHg, diastolic 
blood pressure ≥90 mmHg or use of antihypertensive medication. 
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<60 ml/min/1.73m2, all but three (85%) had albuminuria. After adjustment for 
confounding variables using regression analysis, hypertension (aOR 1.59; 95% CI 
1.05-2.41; P<0.05) and total cholesterol (aOR 1.31; 95% CI 1.11-1.54; P<0.05) 
remained independently associated with albuminuria in the whole cohort (Table 
2). Furthermore, higher eGFR was significantly linked with a lower prevalence of 
albuminuria (aOR 0.98; 95% CI 0.97 – 0.99; P<0.001), for both the CKD-EPI and 
MDRD formula. Other variables  were not related to albuminuria after adjustment for 
covariates. Similar to the observation in the full cohort, hypertension, total cholesterol 
and eGFR (both if calculated with the CKD-EPI equation and the MDRD formula) 
were also independently linked with albuminuria in the smaller cohort including only 
patients on ART for at least six months (Supplementary Table 2).

Some cardiovascular risk factors were highly prevalent in the cohort. Obesity and 
hypertension were each observed in almost a fifth of patients, while diabetes was 
present in 4% of patients. Among study subjects, effective regulation of hypertension 
and diabetes was low. In hypertensive patients, 78% (159/205) did not receive any 
antihypertensive medication while an additional 11% (23/205) were inadequately 
regulated since they were still hypertensive despite being on antihypertensive therapy 
(Figure 1). Among diabetics, inadequately treated diabetes (HbA1c >6.5%) was also 
prevalent (Figure 2). Of the 36 diabetic patients, 53% (19/36) were not receiving 
antidiabetic medication, while 28% (10/36) were inadequately regulated despite 
receiving treatment (Figure 2). None of the patients in the cohort were receiving 
lipid-lowering therapy, even though 25% of the patients had a total cholesterol above 
5 mmol/l. 

Of the total group, the vast majority were receiving ART (87%), with 67% 
(524/787) having an undetectable viral load (HIV RNA <50 copies/ml), while only 
7% (56/787) of patients showed clear virological failure (HIV RNA >1000 copies/
ml). A viral load was not available for 263 patients (29%), being mostly ART-naïve 
patients or patients on ART for less than 6 months before inclusion in the study. The 
median CD4 cell count was 387 cells/µl [interquartile range (IQR) 204-603 cells/µl]. 
Of all patients receiving ART, almost 80% was exposed to tenofovir at the moment of 
inclusion in the study, while 7% were on a PI-based regimen (not including indinavir).

Patients with albuminuria had a lower CD4 cell count as those without 
albuminuria (median 327 cells/µl [IQR 133-597 cells/µl] vs 406 cells/µl [IQR 212-
610 cells/µl], P<0.05) as demonstrated in Table 1 and Table 2. In the selection of 
patients receiving ART for more than 6 months, patients with albuminuria were 
also more likely to have a detectable viral load than patients without albuminuria 
(25% vs 15%, P<0.05; Supplementary Table 2). After adjustment for confounding 
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Figure 2 – Diabetes control in HIV-positive patients
Included subjects from the cohort of 903 HIV-positive patients: 36 patients, previously diagnosed with 
diabetes or in whom a raised HbA1c was measured. Raised HbA1c: HbA1c >6.5%.
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Figure 1 – Hypertensive control in HIV-positive patients
Included subjects from the cohort of 903 HIV-positive patients: 205 patients, previously diagnosed with 
hypertension or in whom hypertension was newly diagnosed. Hypertensive: systolic blood pressure ≥140 
mmHg or diastolic blood pressure ≥90 mmHg

variables, a detectable viral load was the only HIV-related factor that was associated 
with albuminuria (analysis performed including only patients on ART for at least six 
months (Supplementary Table 2)). The odds of having albuminuria was 2.74 (95% 
CI 1.56 – 4.79; P<0.001) times higher if a detectable viral load was present. 



Chapter 5

94

Discussion 

In this cohort of rural South African HIV-infected patients, albuminuria was 
present in 20% of patients, while eGFR below 60 ml/min/1.73m2 was observed in 
only 2% of all patients.  Thus, glomerular filtration rate seems well conserved while 
albuminuria was prominently present. Traditional risk factors eGFR, hypertension 
and total cholesterol, as well as HIV viral load, were independently associated with 
albuminuria. 

The large number of patients with albuminuria is worrisome, since albuminuria 
both signals underlying renal disease and is related to a worse clinical outcome in 
HIV-infected patients [18-20]. The high frequency of albuminuria in HIV-positive 
African residents may indicate an increased risk of developing renal disease and 
cardiovascular events for these patients.

Reported albuminuria in similar cohorts of HIV-infected patients in SSA is 
reflective of our results, where albuminuria was observed among 18.5% to 36% of 
treatment-naïve and ART patients [44, 45]. Similarly, our results are in line with 
previous South African studies where 0.7 – 6% patients had an eGFR below 60 ml/
min/1.73m2 and 7.7 – 15.5% of patients had an eGFR below 90 ml/min/1.73m2 [9, 
46, 47]. 

Published studies support the association between hypertension and eGFR with 
albuminuria in HIV-positive patients [25-30]. However, factors associated with 
albuminuria were not identical for each study, which may be due to a variation in the 
ethnical and demographic composition of included populations, such as Asian versus 
Western study groups, or differences in the pre-existing cardiovascular risk profile, for 
example inclusion of only diabetic patients.  

This study is the first to demonstrate an independent association of total 
cholesterol with moderately increased albuminuria. However, an association with 
severely increased albuminuria has been described [17, 29]. A lack of standard cut-
off values used to define dyslipidemia may explain the different findings. There may 
also be confounding by ART regimen type, which is known to affect a patients’ lipid 
profile [48]. Nonetheless, the results in our study remained significant after adjusting 
for ART regimen type.

The association between traditional cardiovascular risk factors and albuminuria in HIV-
infected patients reflects the dangerous interplay between CVD and renal dysfunction 
[14-16]. Our results do not convey causality. It would be interesting to know which is 
more effective in lowering the risk of cardiovascular and renal disease: lowering cholesterol 
levels using statins, adequately treating hypertension, or decreasing albuminuria with 
appropriate medication, such as Angiotensin I converting enzyme (ACE) inhibitors. 
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In the current study, no patients were receiving lipid-lowering therapy and the 
vast majority of hypertensive patients did not receive adequate antihypertensive 
treatment. As such, detecting and treating both dyslipidemia and hypertension may 
be an important target for therapeutic interventions to prevent future albuminuria 
and cardiovascular events. Financial constraints are likely to partly explain the low 
treatment rates for these cardiovacular risk factors, as cardiovascular preventive 
treatments are not generally provided for free, in contrast to ART and antituberculous 
treatment, which are being funded by governmental treatment programs.

Interestingly, only viral load – but neither low CD4 cell count nor ART regimen 
type or duration – was identified as an HIV-related factor associated with albuminuria. 
Therefore, the direct effect of HIV viremia on the kidneys seems to contribute more 
to the development of albuminuria than opportunistic infections (related to CD4 
count) or nephrotoxic effects of ART in use in this population. An undetectable viral 
load decreases the likelihood of the presence of HIV-related nephropathies, as seen in 
studies examining renal biopsies [5, 49, 50]. Fortunately, a majority of HIV-positive 
patients in South Africa are successfully being treated, thereby reducing the numbers 
of patients with a detectable viral load and decreasing the nephrotoxic effect of HIV-
viremia [3]. 

One disputed factor concerning renal disease in HIV-infected patients is tenofovir 
exposure. The current study did not find an association between current tenofovir 
exposure and albuminuria, but it is not fully conclusive, since there are no recorded 
data concerning previous tenofovir exposure. As such, confounding due to previous 
exposure cannot be excluded. No patients were treated with indinavir, which has been 
associated with decreased renal function in previous literature as well [51, 52].

Some limitations of this study deserve attention. The current report concerns 
only observational data, due to the descriptive cross-sectional design of the study, 
and causality cannot be demonstrated. However, our study forms a solid base to 
design intervention studies to address causality and therapeutic efficacy. The outcome 
parameter was limited to albuminuria. In future studies, more specific markers 
for CVD, like pulse wave velocity or carotid intima media thickness, or for renal 
disease such as tubular damage markers, should be assessed. Ideally, hard end points 
like cardiovascular events or end-stage renal disease should be included. Potential 
confounding from unmeasured variables, such as previous tenofovir exposure or 
previous infections, could not be excluded. Our study estimated GFR using various 
formulae, instead of direct measurement. None of the formulae have been validated 
in HIV-positive patients, where weight may vary due to the clinical effects of HIV-
infection. However our study population had a normal weight distribution, so the 
expected effect on the estimated GFR should be minimal [53].  
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In conclusion, in this large South African cohort study, glomerular filtration rate 
was well conserved while albuminuria was common in HIV-infected patients. This 
is the first known study to describe potentially modifiable factors in HIV-infected 
patients in SSA prone to develop cardiovascular and renal disease, reflected by an 
increased presence of albuminuria. The traditional cardiovascular risk factors eGFR,  
hypertension, and total cholesterol, as well as HIV viral load, were independently 
associated with albuminuria in these patients. Many patients were not adequately 
treated for hypertension and dyslipidemia, both of which were associated with 
albuminuria. Although no causality was demonstrated in our study, blood pressure 
and cholesterol, besides HIV viral load, appear to be promising therapeutic targets to 
meet the future challenges of the increasing population of patients infected with HIV. 
A reorganization of financial resources should be taken into consideration to support 
such a change in chronic health care delivery.
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Supplementary Table 1. Characteristics of the HIV-infected patients on ART for at least 6 months

Variable Total ACR ≤30 mg/g ACR >30mg/g

Patients, no. (%) 656 (100) 536 (82) 120 (18)

Demographic factors

Age, years 40 [35 - 47] 40 [34 - 46] 43 [37 - 51]

Female sex 468 (71) 376 (70) 92 (77)

HIV status

Months since positive HIV test 37 [19 - 67] 37 [19 - 68] 40 [21 - 65]

Most recent CD4 cell count, cells/μl 440 [261 – 654] 440 [267 - 654] 403 [232 - 651]

HIV-1 viral load, copies/ml
<50
50 - 999 
≥1000 
Missing 

-
511 (78)
57 (9)
52 (8)
36 (5)

-
429 (80)
45 (9)
34 (6)
28 (5)

-
82 (68)
12 (10)
18 (15)
8 (7)

On ART 656 (100) 536 (100) 120 (100)

ART regimen of patients on treatment

NNRTI
PI
Current tenofovir exposure 
Current abacavir exposure 

600 (92)
56 (8)

495 (76)
5 (1)

491 (92)
45 (8)

490 (69)
4 (1)

109 (91)
11 (9)

122 (65)
1 (1)

Duration on ART, months 31 [15 - 58] 31 [15 - 59] 33 [17 - 57]

Cardiovascular risk factors 

BMI >30 kg/m2 119 (18) 102 (19) 17 (14)

Large Waist Circumference a 313 (48) 264 (49) 49 (41)

Current smoker 88 (13) 77 (14) 11 (9)

Diabetes Mellitus b 26 (4) 14 (3) 9 (8)

Total cholesterol, mmol/l 4.40 [3.80 – 5.00] 4.40 [3.70 – 5.00] 4.70 [4.10 – 5.58]

LDL cholesterol, mmol/l 2.49 [1.95 – 3.02] 2.47 [1.92 – 2.92] 2.68 [2.11 – 3.52]

Hypertension c 151 (23) 106 (20) 45 (38)

Family History 36 (6) 28 (6) 8 (7)

Previous CVE 14 (2) 12 (2) 2 (2)
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Supplementary Table 1. Continued

Variable Total ACR ≤30 mg/g ACR >30mg/g

Laboratory values

ACR, mg/g 10.5 [6.6 – 22.4] 8.9 [6.0 – 13.8] 63.6 [41.2 – 116.1]

eGFR (CKD-EPI), ml/min/1.73m2

<60 
60-90 
≥90 

eGFR (MDRD), ml/min/1.73m2

<60 
60-90 
≥90 

120.5 [104.2 – 132.4]
8 (1)
60 (9)

588 (90)
113.1 [95.8 – 131.8]

10 (2)
89 (14)
557 (85)

122.7 [107.7 – 133.4]
1 (0)
40 (8)

495 (92)
114.7 [97.8 – 132.0]

3 (1)
61 (11)
472 (88)

112.8 [92.2 – 128.9]
7 (6)

20 (17)
93 (78)

103.6 [86.2 – 123.6]
7 (6)

28 (23)
85 (71)

Serum creatinine, μmol/l 66 [57 - 76] 66 [57 - 75] 69 [57 - 82]

ALT, U/l 23 [17 - 32] 23 [17 - 32] 23 [18 - 33]

Data are no. (%) of patients or median value [interquartile range].
Abbreviations: ACR, albumin – creatinine ratio; ART, antiretroviral therapy; NNRTI, non-nucleoside 
reverse-transcriptase inhibitor; PI, protease inhibitor; BMI, body mass index; LDL, low-density lipoprotein; 
CVE, cardiovascular event; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease 
– Epidemiology; MDRD, Modification of Diet in Renal Disease; ALT, alanine aminotransferase
a Large waist circumference: >94 cm men or >80 cm women; b Diabetes mellitus: HbA1c >6.5% or use of 
diabetes medication; c Hypertension: Systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 
mmHg or use of antihypertensive medication. 
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Supplementary Table 2. Variables associated with albuminuria in univariate and multivariate analysis in 
HIV-infected patients on ART treatment for >6 months

Variable Univariate 
P-value

Multivariate adjusted odds ratio 
(95% confidence interval)

Multivariate 
P-value

Demographic factors

Age, years 0.002* 1.004 (0.977 – 1.032) 0.76

Female sex 0.15 - -

HIV status

Months since positive HIV test 0.71 0.999 (0.990 – 1.007) 0.75

Most recent CD4 cell count, cells/μl 0.58 1.000 (0.999 – 1.001) 0.88

HIV-1 viral load >50 copies/ml 0.005* 2.736 (1.564 – 4.787) <0.001*

On ART - - -

ART regimen
NNRTI 
PI
Current tenofovir exposure 
Current abacavir exposure 

0.79
0.79
0.41
1.00

0.867 (0.378 – 1.986)
-

0.973 (0.552 – 1.715)
-

0.74
-

0.93
-

Duration on ART, months 0.75 Y -

Cardiovascular risk factors 

BMI >30 kg/m2 0.21 - -

Large Waist Circumference a 0.11 - -

Current smoker 0.13 - -

Diabetes Mellitus b 0.02* 1.399 (0.518 – 3.778) 0.51

Total cholesterol, mmol/l <0.001* 1.437 (1.163 – 1.776) <0.001*

LDL cholesterol, mmol/l 0.003* Y -

Hypertension c <0.001* 1.895 (1.139 – 3.154) 0.01*

Family History 0.47 - -

Previous CVE 1.00 - -

Laboratory values

eGFR (CKD-EPI), ml/min/1.73m2 <0.001* 0.981 (0.970 – 0.992) <0.001*

ALT, U/l 0.66 - -

Included subjects 602. Number of subjects with albuminuria: 105.
Albuminuria: Albumin – creatinine ratio >30 mg/g
ART, antiretroviral therapy; NNRTI, non-nucleoside reverse-transcriptase inhibitor; PI, protease 
inhibitor; BMI, body mass index; LDL, low-density lipoprotein; CVE, cardiovascular event; eGFR, 
estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease – Epidemiology; ALT, alanine 
aminotransferase
* P-value significant (P<0.05); + P-value between 0.05 and 0.10; Y Excluded due to collinearity with 
another variable; a Large waist circumference: >94 cm men or >80 cm women; b Diabetes mellitus: HbA1c 
>6.5% or use of diabetes medication; c Hypertension: Systolic blood pressure ≥140 mmHg, diastolic 
blood pressure ≥90 mmHg or use of antihypertensive medication.



Chapter 5

100

References
1. WHO. Global update on the health sector response to HIV, 2014.; 2014. http://apps.who.int/iris/bi

tstream/10665/128494/1/9789241507585_eng.pdf?ua=1 on Feb 20, 2015.

2. Joint United Nations Programma on HIV/AIDS (UNAIDS). Global report: UNAIDS report on 
the global AIDS epidemic 2013.; 2013. http://www.unaids.org/sites/default/files/en/media/unaids/
contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf on 
Feb 20, 2015.

3. WHO, UNAIDS, Unicef. Global HIV/AIDS response. Epidemic update and health sector progress 
towards Universal Access. Progress report 2011.; 2011. http://www.unaids.org/sites/default/files/
media_asset/20111130_UA_Report_en_1.pdf on Feb 20, 2015.

4. Fabian J, Naicker S. HIV and kidney disease in sub-Saharan Africa. Nat Rev Nephrol. 2009;5(10):591-
8.

5. Wearne N, Swanepoel CR, Boulle A, Duffield MS, Rayner BL. The spectrum of renal histologies 
seen in HIV with outcomes, prognostic indicators and clinical correlations. Nephrol Dial Transplant. 
2012;27(11):4109-18.

6. Gupta SK, Eustace JA, Winston JA, Boydstun, II, Ahuja TS, Rodriguez RA, et al. Guidelines 
for the management of chronic kidney disease in HIV-infected patients: recommendations of 
the HIV Medicine Association of the Infectious Diseases Society of America. Clin Infect Dis. 
2005;40(11):1559-85.

7. Mocroft A, Kirk O, Reiss P, De Wit S, Sedlacek D, Beniowski M, et al. Estimated glomerular 
filtration rate, chronic kidney disease and antiretroviral drug use in HIV-positive patients. AIDS. 
2010;24(11):1667-78.

8. Friis-Moller N, Weber R, Reiss P, Thiebaut R, Kirk O, d’Arminio Monforte A, et al. Cardiovascular 
disease risk factors in HIV patients--association with antiretroviral therapy. Results from the DAD 
study. AIDS. 2003;17(8):1179-93.

9. Cailhol J, Nkurunziza B, Izzedine H, Nindagiye E, Munyana L, Baramperanye E, et al. Prevalence 
of chronic kidney disease among people living with HIV/AIDS in Burundi: a cross-sectional study. 
BMC Nephrol. 2011;12:40.

10. Ikem I, Sumpio BE. Cardiovascular disease: the new epidemic in sub-Saharan Africa. Vascular. 
2011;19(6):301-7.

11. Sliwa K, Wilkinson D, Hansen C, Ntyintyane L, Tibazarwa K, Becker A, et al. Spectrum of heart 
disease and risk factors in a black urban population in South Africa (the Heart of Soweto Study): a 
cohort study. Lancet. 2008;371(9616):915-22.

12. Thienemann F, Sliwa K, Rockstroh JK. HIV and the heart: the impact of antiretroviral therapy: a 
global perspective. Eur Heart J. 2013;34(46):3538-46.

13. Gaziano TA. Reducing the growing burden of cardiovascular disease in the developing world. Health 
Aff (Millwood). 2007;26(1):13-24.



Albuminuria in HIV is associated with cardiovascular risk in rural South Africa

101

14. Hemmelgarn BR, Manns BJ, Lloyd A, James MT, Klarenbach S, Quinn RR, et al. Relation between 
kidney function, proteinuria, and adverse outcomes. JAMA. 2010;303(5):423-9.

15. Sarnak MJ. Cardiovascular complications in chronic kidney disease. Am J Kidney Dis. 2003;41(5 
Suppl):11-7.

16. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of 
death, cardiovascular events, and hospitalization. N Engl J Med. 2004;351(13):1296-305.

17. Ando M, Yanagisawa N, Ajisawa A, Tsuchiya K, Nitta K. Urinary albumin excretion within the 
normal range is an independent risk for near-term development of kidney disease in HIV-infected 
patients. Nephrol Dial Transplant. 2011;26(12):3923-9.

18. Choi AI, Li Y, Deeks SG, Grunfeld C, Volberding PA, Shlipak MG. Association between kidney 
function and albuminuria with cardiovascular events in HIV-infected persons. Circulation. 
2010;121(5):651-8.

19. Choi A, Scherzer R, Bacchetti P, Tien PC, Saag MS, Gibert CL, et al. Cystatin C, albuminuria, and 
5-year all-cause mortality in HIV-infected persons. Am J Kidney Dis. 2010;56(5):872-82.

20. Wyatt CM, Hoover DR, Shi Q, Seaberg E, Wei C, Tien PC, et al. Microalbuminuria is associated 
with all-cause and AIDS mortality in women with HIV infection. J Acquir Immune Defic Syndr. 
2010;55(1):73-7.

21. Serrano-Villar S, Estrada V, Gomez-Garre D, Avila M, Fuentes-Ferrer M, Sanchez-Parra C, et al. 
Incipient renal impairment as a predictor of subclinical atherosclerosis in HIV-infected patients. J 
Acquir Immune Defic Syndr. 2012;59(2):141-8.

22. Tongma C, Shikuma CM, Nakamoto BK, Kallianpur KJ, Umaki TM, Barbour JD, et al. Albuminuria 
as a marker of cardiovascular risk in HIV-infected individuals receiving stable antiretroviral therapy. 
Hawaii J Med Public Health. 2013;72(9 Suppl 4):34-8.

23. Birn H, Christensen EI. Renal albumin absorption in physiology and pathology. Kidney Int. 
2006;69(3):440-9.

24. Lopez-Novoa JM, Rodriguez-Pena AB, Ortiz A, Martinez-Salgado C, Lopez Hernandez FJ. 
Etiopathology of chronic tubular, glomerular and renovascular nephropathies: clinical implications. 
J Transl Med. 2011;9:13.

25. Szczech LA, Grunfeld C, Scherzer R, Canchola JA, van der Horst C, Sidney S, et al. Microalbuminuria 
in HIV infection. AIDS. 2007;21(8):1003-9.

26. Baekken M, Os I, Sandvik L, Oektedalen O. Microalbuminuria associated with indicators of 
inflammatory activity in an HIV-positive population. Nephrol Dial Transplant. 2008;23(10):3130-
7.

27. Kim PS, Woods C, Dutcher L, Georgoff P, Rosenberg A, Mican JA, et al. Increased prevalence of 
albuminuria in HIV-infected adults with diabetes. PLoS One. 2011;6(9):e24610.



Chapter 5

102

28. Jotwani V, Scherzer R, Abraham A, Estrella MM, Bennett M, Devarajan P, et al. Does HIV infection 
promote early kidney injury in women? Antivir Ther. 2014;19(1):79-87.

29. Yanagisawa N, Ando M, Ajisawa A, Imamura A, Suganuma A, Tsuchiya K, et al. Clinical characteristics 
of kidney disease in Japanese HIV-infected patients. Nephron Clin Pract. 2011;118(3):c285-91.

30. Gravemann S, Brinkkoetter PT, Vehreschild JJ, Franke B, Ehren K, Bunemann E, et al. Low-
grade proteinuria is highly prevalent in HIV-positive patients on antiretroviral treatment. AIDS. 
2014;28(12):1783-9.

31. Stehouwer CD, Smulders YM. Microalbuminuria and risk for cardiovascular disease: Analysis of 
potential mechanisms. J Am Soc Nephrol. 2006;17(8):2106-11.

32. Deeks SG, Phillips AN. HIV infection, antiretroviral treatment, ageing, and non-AIDS related 
morbidity. BMJ. 2009;338:a3172.

33. Naicker S. End-stage renal disease in sub-Saharan and South Africa. Kidney Int Suppl. 2003(83):S119-
22.

34. Lucas GM, Lau B, Atta MG, Fine DM, Keruly J, Moore RD. Chronic kidney disease incidence, and 
progression to end-stage renal disease, in HIV-infected individuals: a tale of two races. J Infect Dis. 
2008;197(11):1548-57.

35. Szczech LA, Gange SJ, van der Horst C, Bartlett JA, Young M, Cohen MH, et al. Predictors of 
proteinuria and renal failure among women with HIV infection. Kidney Int. 2002;61(1):195-202.

36. Krzesinski JM, Sumaili KE, Cohen E. How to tackle the avalanche of chronic kidney disease in 
sub-Saharan Africa: the situation in the Democratic Republic of Congo as an example. Nephrol Dial 
Transplant. 2007;22(2):332-5.

37. Barth RE, Wensing AM, Tempelman HA, Moraba R, Schuurman R, Hoepelman AI. Rapid 
accumulation of nonnucleoside reverse transcriptase inhibitor-associated resistance: evidence of 
transmitted resistance in rural South Africa. AIDS. 2008;22(16):2210-2.

38. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S, et al. Using standardized serum 
creatinine values in the modification of diet in renal disease study equation for estimating glomerular 
filtration rate. Ann Intern Med. 2006;145(4):247-54.

39. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 Clinical 
Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Chapter 1: 
Definition and classification of CKD. Kidney Int Suppl (2011). 2013;3(1):19-62.

40. WHO. Definition and diagnosis of diabetes mellitus and intermediate hyperglycemia: report of a 
WHO/IDF consultation.; 2006. http://www.who.int/diabetes/publications/Definition and diagnosis 
of diabetes_new.pdf on Feb 20, 2015.

41. WHO. Use of glycated haemoglobin (HbA1c) in the diagnosis of diabetes mellitus.; 2011. http://
www.who.int/diabetes/publications/report-hba1c_2011.pdf?ua=1 on Feb 20, 2015.

42. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein 
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 1972;18(6):499-502.



Albuminuria in HIV is associated with cardiovascular risk in rural South Africa

103

43. WHO. Obesity: preventing and managing the global epidemic: report of a WHO consultation.; 
2000. http://apps.who.int/iris/bitstream/10665/42330/1/WHO_TRS_894.pdf?ua=1&ua=1 on Feb 
20, 2015.

44. Fabian J, Naicker S, Venter WD, Baker L, Naidoo S, Paget G, et al. Urinary screening abnormalities 
in antiretroviral-naive HIV-infected outpatients and implications for management--a single-center 
study in South Africa. Ethn Dis. 2009;19(1 Suppl 1):S1-80-5.

45. Han TM, Naicker S, Ramdial PK, Assounga AG. A cross-sectional study of HIV-seropositive patients 
with varying degrees of proteinuria in South Africa. Kidney Int. 2006;69(12):2243-50.

46. Lucas GM, Clarke W, Kagaayi J, Atta MG, Fine DM, Laeyendecker O, et al. Decreased kidney 
function in a community-based cohort of HIV-Infected and HIV-negative individuals in Rakai, 
Uganda. J Acquir Immune Defic Syndr. 2010;55(4):491-4.

47. Peters PJ, Moore DM, Mermin J, Brooks JT, Downing R, Were W, et al. Antiretroviral therapy 
improves renal function among HIV-infected Ugandans. Kidney Int. 2008;74(7):925-9.

48. Stein JH, Komarow L, Cotter BR, Currier JS, Dube MP, Fichtenbaum CJ, et al. Lipoprotein Changes 
in HIV-Infected Antiretroviral-Naive Individuals after Starting Antiretroviral Therapy: ACTG Study 
A5152s Stein: Lipoprotein Changes on Antiretroviral Therapy. J Clin Lipidol. 2008;2(6):464-71.

49. Arendse CG, Wearne N, Okpechi IG, Swanepoel CR. The acute, the chronic and the news of HIV-
related renal disease in Africa. Kidney Int. 2010;78(3):239-45.

50. Cohen SD, Kimmel PL. HIV-associated renal diseases in Africa a desperate need for additional study. 
Nephrol Dial Transplant. 2007;22(8):2116-9.

51. Kopp JB, Falloon J, Filie A, Abati A, King C, Hortin GL, et al. Indinavir-associated interstitial nephritis 
and urothelial inflammation: clinical and cytologic findings. Clin Infect Dis. 2002;34(8):1122-8.

52. Dieleman JP, van Rossum AM, Stricker BC, Sturkenboom MC, de Groot R, Telgt D, et al. Persistent 
leukocyturia and loss of renal function in a prospectively monitored cohort of HIV-infected patients 
treated with indinavir. J Acquir Immune Defic Syndr. 2003;32(2):135-42.

53. Barraclough K, Er L, Ng F, Harris M, Montaner J, Levin A. A comparison of the predictive 
performance of different methods of kidney function estimation in a well-characterized HIV-infected 
population. Nephron Clin Pract. 2009;111(1):c39-48.





6th
Carotid intima media thickness in  

HIV-infected subjects in rural  
South Africa is related to traditional  

cardiovascular risk factors but not  
to HIV-related factors

Annelot F. Schoffelen1, Eric de Groot2, Hugo A. Tempelman3,  
Frank L.J. Visseren4, Andy I.M. Hoepelman1, Roos E. Barth1 

1Department of Internal Medicine and Infectious Diseases, University Medical Centre Utrecht,  

Utrecht, the Netherlands
2ImageLabonline & Cardiovascular, Erichem, The Netherlands

3Ndlovu Care Group, Elandsdoorn, Limpopo, South Africa
4Department of Vascular Medicine,  

University Medical Centre Utrecht, Utrecht, the Netherlands

Submitted



Chapter 6

106

Abstract

Background

In sub-Saharan Africa, the number of people living with HIV has increased immensely 
in these years. In parallel, cardiovascular diseases (CVD) are rising rapidly in resource-
limited settings (RLS). This study aims to evaluate the relation between subclinical 
atherosclerosis and HIV-related and traditional cardiovascular risk factors in HIV-
infected patients in rural South Africa. 

Methods

A cross-sectional study was performed among HIV-infected patients visiting a health 
center in Limpopo. Demographic and HIV-related information was collected and 
cardiovascular risk profiles were assessed. Carotid intima media thickness (CIMT) 
was measured in each patient. The prevalence of subclinical atherosclerosis (CIMT 
>0.78 mm) was calculated. The association between cardiovascular and HIV-related 
determinants with CIMT was analyzed by using linear and logistic regression models 
adjusted for age and gender.

Results

The median CIMT of 866 subjects (median age 41 years [IQR 35-48], 69% female) 
was 0.589 mm [IQR 0.524-0.678], and values seemed to be higher compared to 
healthy Western reference populations. In fact 12% of subjects had subclinical 
atherosclerosis. Hypertension, BMI, a previous cardiovascular event, diabetes mellitus, 
total and LDL-cholesterol, estimated glomerular filtration rate, metabolic syndrome 
and the Framingham 10-year Heart Risk score were independently associated with 
CIMT. No HIV-related determinants were related to CIMT. 

Conclusion

In this population, CIMT values are considerably high and associated with traditional 
cardiovascular risk factors, rather than HIV-related factors. This emphasizes the need 
for screening for CVD among people living with HIV in RLS. Ideally, this would be 
integrated in HIV care, posing a major challenge for the near future.
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Introduction

In the last decade, the massive roll-out of antiretroviral therapy (ART) in sub-Saharan 
Africa (SSA) has positively resulted in improved life-expectancy of people living with 
human immunodeficiency virus (HIV). HIV infection has thus become a chronic 
disease with an increasing number of patients receiving lifelong treatment. Hence 
the large number of HIV-infected subjects in SSA is still growing [1]. In parallel, the 
prevalence of non-communicable diseases (NCDs) in resource-limited settings (RLS) 
is high and rising rapidly in the last decade [2, 3]. Currently, the vast majority (80%) 
of the 17 million people worldwide who die annually of cardiovascular disease (CVD) 
and diabetes, live in RLS [4]. 

Especially HIV-infected people in SSA are expected to be at risk for developing 
CVD. As life expectancy rises, the chances of experiencing a cardiovascular event 
increase. Additionally, the ‘traditional’ cardiovascular risk factors are at least equally 
prevalent among HIV-positives as compared to the total population [5-7]. Finally, 
HIV infection and its treatment have been shown to be additional risk factors 
themselves, although studies on this subject have mainly been performed in Western 
countries. The chronic systemic inflammation as seen in HIV-infected patients may 
interfere with endothelial function and therefore influence the risk of vascular disease. 
Moreover, the use of ART is associated with several metabolic risk factors, including 
insulin resistance and dyslipidemia, which again can predispose people to developing 
CVD [8-10].

However, the effects of HIV and its treatment on cardiovascular morbidity and 
mortality in SSA may be different for various reasons. HIV subtypes circulating in 
SSA are different from those in Western countries. HIV viruses in African countries 
vary, with subtype C being most frequent, whereas subtype B is most commonly seen 
in Western countries [11]. The effects on the cardiovascular system of varying viral 
subtypes remain unclear. Besides, the population in SSA differs from the extensively 
studied Western population, both in its socio-demographic profile, the prevalence of 
traditional risk factors and its genetic makeup. 

HIV-infected patients in SSA are generally not routinely screened for cardiovascular 
risk factors and diseases and limited data on this subject are available. Comparable 
to Western populations, HIV infection and ART are suggested to be associated with 
cardio-metabolic traits [12]. However, existing studies are limited by cohort size, 
retrospective character or a focus solely on risk factors, without observations on the 
prevalence of cardiovascular end points or disease. 

In this cross-sectional study we evaluated the relation between subclinical 
atherosclerosis, as measured with carotid intima media thickness (CIMT), and 
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HIV-related and traditional cardiovascular risk factors in HIV-infected patients in a 
primary care setting in rural South Africa. 

Methods

Setting/study site

Elandsdoorn is a township situated in a poor, rural area in Limpopo, a province in 
the northeast of the Republic of South Africa. HIV prevalence among antenatal clinic 
attendees in 2012 was 22.3% in this province [13]. Ndlovu Medical Centre (NMC) 
is a nongovernmental organization in Elandsdoorn (www.ndlovucaregroup.co.za) 
that provides primary health care, as well as tuberculosis- and HIV/AIDS programs. 
A fully funded ART program is available since 2003, including HIV treatment and 
testing. It serves a population of approximately 120 000–140 000 people and around 
3600 HIV-infected patients are in care at the clinic. In a previous study, genotyping 
in this cohort showed that all viruses were of HIV-1 subtype-C origin [14]. 

For this study, ethical approval was obtained from the Faculty of Health Sciences 
Research Ethics Committee of University of Pretoria. Patients signed informed 
consent prior to participate in the research. Privacy of patients was provided by 
analyzing data anonymously.

Data collection

Between May and December 2013, HIV-infected patients of 18 years and older were 
randomly selected and requested to participate in the study, regardless of severity of 
disease or underlying comorbidities. Patients unable to undergo the study procedures 
for any reason were excluded. Study procedures were performed by independent 
trained clinicians and counselors, who spoke the subjects’ home language. Any 
abnormal results were reported back to the treating clinician, who took care of follow-
up. Routine clinical care was not interrupted for the current study. 

All participants completed a baseline questionnaire, to obtain demographics, 
and information about co-medication, other cardiovascular risk factors and previous 
diseases. A history of smoking (including cigarette smoking and use of snuff tobacco) 
was registered, previous cardiovascular events (stroke or heart attack), and a positive 
family history (first degree family member (parent or sibling) having had a stroke or 
heart attack before the age of 60). 

Additional medical information was obtained from the clinical file, consisting 
of known duration of HIV-infection, start date of ART, current ART regimen and 
previous switches in regimen. The latest CD4 cell count and HIV viral load were 
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registered if the measurements were less than 18 months old, taking into account the 
routinely follow-up duration of 12 months for stable patients, plus an extra margin of 
6 months. The viral load was depicted as <50 copies/ml if undetectable, and assumed 
to be detectable if missing in ART-naïve patients, for further analyses. 

Height, weight, and waist circumference were measured according to standard 
procedures. The body mass index (BMI) was calculated as the weight in kilograms 
divided by the squared height in meters. Obesity was defined as a BMI ≥30 kg/m2 
and overweight as a BMI ≥25 kg/m2. Blood pressure was measured after ten minutes 
of rest in a sitting position, on the left and the right arm, and repeated on the arm 
with the highest blood pressure. The average of the three measurements was recorded. 
Hypertension was defined as systolic blood pressure ≥140 mmHg and/or diastolic 
blood pressure ≥90 mmHg, and/or the use of antihypertensive medication. 

Plasma and urine samples were analyzed in the laboratory (Toga laboratories, 
accreditation by the South African National Accreditation System (SANAS)). 
Laboratory investigations included serum creatinine, glycated hemoglobin (HbA1c), 
serum alanine transaminase (ALT), and lipid spectrum consisting of total cholesterol, 
HDL-cholesterol and triglycerides. LDL-cholesterol was calculated using the 
Friedewald equation [15]. The glomerular filtration rate (eGFR) was estimated using 
the CKD-EPI equation (Chronic Kidney Disease Epidemiology Collaboration) based 
on age, gender, race and serum creatinine [16]. Urine microalbumin and creatinine 
were measured quantitatively and urine albumin/creatinine ratio (ACR) was 
calculated. An ACR >30 mg/g was considered as moderately increased albuminuria 
[17]. Diabetes mellitus (DM) was defined as HbA1c ≥6.5%, or the use of diabetes 
medication. The presence of Metabolic Syndrome (MetS), defined according to the 
NCEP ATPIII guidelines, was determined for each individual [18]. The Framingham 
10-year Heart Risk score (FHS-10) was calculated for patients without DM or a 
previous cardiovascular event, because the performance of the risk score was validated 
for those subjects in previous literature [19]. The prognosis of having coronary heart 
disease in the next ten years (expressed as a percentage) was reported.

B-mode ultrasound CIMT measurements

CIMT ultrasound measurements can non-invasively assess early atherosclerotic 
arterial wall change. CIMT is associated with risk of stroke and myocardial infarction 
and is a well-validated surrogate imaging endpoint for the status and future risk for 
cardiovascular morbidity and mortality [20-22]. 

In all subjects right and left common carotid and carotid bulb arterial segments were 
scanned from a fixed lateral angle by trained and certified sonographers. An Acuson 
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Aspen ultrasound instrument (Siemens®, Mountain View, California) equipped with a 
linear array broadband transducer (5-12 MHz) and Extended Frequency software was 
used. Of each arterial segment a high-resolution 2x2 cm DICOM (digital imaging 
and communications in medicine) still image was saved to a magneto optical disk. 
Images were securely transferred to the ultrasound core laboratory (Imagelabonline 
& Cardiovascular, Eindhoven and Lunteren, The Netherlands). One in 10 subjects 
permitted a re-scan for quality control purposes. Direct feedback to sonographers and 
quality control was implemented during the study.

Standardized equipment and protocols were used for image and data management. 
Qualitative and quantitative image analyses were performed with in-house developed 
software (eTrack, Academic Medical Center, Amsterdam, The Netherlands). On each 
image, analysts selected a region of interest. Cursors were placed along the leading 
edges of the lumen-intima and the media-adventitia interfaces and splined by the 
software. The mean distance between the splines, defined as the “mean IMT”, was 
calculated for each view.

Data analyses

Patient characteristics were described by calculating medians with interquartile ranges 
(IQR) for continuous variables and proportions (as percentages) for categorical 
variables.

Primary atherosclerosis endpoint was mean CIMT. For every carotid segment, we 
used the IMT values of the far wall left and right, referred to as mean common carotid 
IMT (CCIMT), and mean bulb carotid IMT (bulb CIMT) respectively. Finally, mean 
carotid IMT (CIMT) was determined by using the average of the mean CCIMT and 
mean bulb CIMT only if both IMT measurements were available for the subject.

Scatterplots were provided to get insight into the relationship between CIMT and 
age, for each gender separately. Results for mean CCIMT from our study cohort were 
compared to a reference group, derived from a healthy Western population without 
previous CVD or medication, plotted separately in the graphs [23]. Subclinical 
atherosclerosis was defined as a mean CIMT above 0.78 mm, based on findings from 
a study in the Netherlands, which led to the estimation that, on average, a healthy 
person reaches a CIMT of 0.78 mm at the age of 76 [24]. The characteristics of 
patients with subclinical atherosclerosis were determined.

Linear regression analysis was performed by using various models with mean 
CIMT as the dependent variable. Analyses were repeated using mean CCIMT and 
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bulb CIMT as the dependent variable separately, to explore IMT in the different 
segments. Binary logistic regression models were used to analyze which variables were 
associated with subclinical atherosclerosis.

Univariate analyses were performed for all available determinants, being 
demographic variables, HIV-related factors and traditional cardiovascular risk factors. 
Subsequently, models were adjusted for age and gender. Finally, a multivariable model 
was used including all HIV-related determinants as well as demographic characteristics 
and cardiovascular risk factors, to further explore the relation between HIV infection 
and carotid IMT. A P-value <0.05 was considered statistically significant. Data were 
processed and statistical analyses were done using SPSS version 21.0.

Results

Baseline characteristics

In total, 906 HIV-infected patients were screened and 904 with available CIMT 
measurements were included in the study. Almost seventy percent were female 
(626/904, 69%) and median age was 40.7 years [IQR 34.8-48.0 years]. 

Hypertension and obesity were diagnosed in approximately a fifth of participants. 
Smoking was more prevalent among male subjects, of whom 36% reported to smoke, 
in contrast to 14% of women. Five percent of the participants were diagnosed with 
DM. The proportions of patients receiving treatment for hypertension or DM were 
low, being 22% (46/205) and 41% (17/41) respectively. Almost one in six patients 
(143/904) were shown to have MetS according to the NCEP ATPIII guidelines. 
Among 832 patients without a previous cardiovascular event or DM, 6% had a FHS-
10 above 10 percent. A full list of characteristics of the study population is provided 
in Table 1.
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Table 1. Baseline characteristics
Variable N=904

Demographic variables

Age, years 40.7 [34.8 – 48.0]
Female 626 (69)
Unemployed 488 (54)
Married / life partner 370 (41)
HIV-related factors
Known duration HIV infection, years 2.2 [1.0 – 4.8]
On ART 789 (87)

First-line 736 (93)
Second-line 53 (7)

Duration ART, months
First-line 22 [9 – 49] 
Second-line 24 [11 – 47]

CD4 cell count, cells/µl 388 [204 – 609]
<200 222 (24)
>200 677 (75)
No results 5 (1)

HIV viral load, copies/ml
On ART <50 539 (60)

50-1000 60 (7)
>1000 55 (6)
No results 135 (15)

ART-naïves (assumed to be >50 copies/ml) 115 (13)
Traditional cardiovascular risk factors

Current smoker 189 (21)
Previous cardiovascular event 20 (2)
Family history 51 (6)
Hypertension 205 (23)

Using antihypertensive medication 46 (5)
BMI, kg/m2 23.5 [20.5 – 28.1]

Overweight 369 (41)
Obesity 160 (18)

Diabetes mellitus 41 (5)
Using diabetes medication 17 (2)

Total cholesterol, mmol/l 4.4 [3.7 – 5.0]
LDL-cholesterol, mmol/l 2.5 [1.9-3.0]

High LDL ≥3.0 mmol/l 230 / 902 (26)
HDL-cholesterol, mmol/l 1.23 [0.97 – 1.52]
Triglycerides, mmol/l 1.1 [0.8 – 1.6]

Hypertriglyceridemia ≥1.7 mmol/l 196 / 902 (22)
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Table 1. Continued

Variable N=904

Serum creatinine, µmol/l 66 [57 – 78]
eGFR-CKD-EPI, ml/min/1.73m2 120 [104 – 133]

<60 18 (2)
60-90 87 (10)
>90 798 (88)

Serum ALT, U/l 23 [17 – 33]
Albuminuria 187 / 901 (21)

FHS-10 (%) 2.3 [1.0 – 5.3]
≥ 10% 57 (6)
≥ 15% 20 (2)

Metabolic Syndrome 143 (16)
Data are no. (%) of patients or median value [interquartile range]. 
Abbreviations: N, number; ART, antiretroviral therapy; BMI, Body Mass Index (weight / (height)2); 
eGFR-CKD-EPI, glomerular filtration rate, estimated by the CKD-EPI equation (Chronic Kidney 
Disease Epidemiology Collaboration) based on age, gender, race and serum creatinine; ALT, alanine 
transaminase; FHS-10, Framingham 10-year Heart Risk Score.
CD4 cell count: Most recent CD4 cell count within the previous 18 months. HIV viral load: Most 
recent HIV viral load within the previous 18 months; assumed to be >50 copies/ml if unknown and 
patient is ART-naïve. Current smoker: Smoking daily in the last 3 months, tobacco and snuff. Previous 
cardiovascular event: myocardial infarct or stroke in the past. Family history: first-degree family member 
(parent or sibling) myocardial infarct or stroke before age of 60. Hypertension: High blood pressure at 
physical examination: SBP ≥140 mmHg or DBP ≥90 mmHg, or use of antihypertensive medication. 
Diabetes mellitus: HbA1c ≥6.5% or use of diabetes medication. Overweight: BMI ≥25 kg/m2. Obesity: 
BMI ≥30 kg/m2. Albuminuria: Moderately increased albuminuria defined as urine albumin-creatinine-
ratio >30 mg/g. FHS-10: only for patients without previous cardiovascular event or diabetes mellitus 
(N=832). Metabolic Syndrome: defined according to the NCEP ATPIII guidelines.

Carotid IMT in HIV patients compared to reference populations

CCIMT values were available for all 904 patients, while 38 subjects had missing 
results for bulb CIMT because of lacking or unreadable images. As a result, mean 
CIMT values were available for 866 subjects. Patients with missing bulb CIMT had 
a longer known duration of HIV infection, a higher CD4 cell count, a larger BMI, 
and more often hypertension compared to patients with available results. All other 
determinants were similar between both groups.

The median value of mean CIMT was 0.589 mm [IQR 0.524-0.678 mm]; 0.579 
mm [IQR 0.517-0.663 mm] for females and 0.609 mm [IQR 0.547-0.745 mm] 
for males. The CCIMT had a median value of 0.552 mm [IQR 0.499-0.623 mm] 
and was significantly lower compared to the median bulb CIMT of 0.621 mm [IQR 
0.542-0.746 mm]. Scatterplots of the distribution of mean CCIMT according to 
age for each gender are shown in Figure 1A. As illustrated in the scatterplots, the 
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linear CCIMT regression line of HIV subjects is increased if compared to IMT data 
acquired according to the same scan and image analysis protocol in the reference 
group [23]. Figure 1B shows mean CIMT results in HIV subjects and the cut-off 
value of an unaffected study group, illustrating that those affected reach a threshold 
CIMT value of 0.78 mm over a decade earlier than the reference group.

Figure 1A. Gender-specific mean common carotid intima media thickness with reference lines
Mean CCIMT: mean common carotid intima media thickness. Number of subjects with available mean 
CCIMT: 904.
Reference lines: Based on findings from Engelen et al., derived from a healthy Western population without 
previous cardiovascular disease or cardiovascular medication [23].
Reference female equation used: meanCCIMT (in mm) = 0.001 x (321.7 + 4.971 x age)
Reference male equation used: meanCCIMT (in mm) = 0.001 x (323.5 + 5.201 x age)
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Figure 1B. Gender-specific mean carotid intima media thickness with reference line
Mean CIMT: mean carotid intima media thickness: average of mean common carotid intima media 
thickness and mean bulb carotid intima media thickness. Number of subjects with available mean CIMT: 
866.
Reference line 0.78 mm: Based on findings from de Groot et al., derived from an observational study in 
the Netherlands, which led to the estimation that, on average, a healthy person reaches a CIMT of 0.78 
mm at the age of 76 years [24].

Overall, twelve percent of subjects (106/866) had subclinical atherosclerosis. 
Characteristics of the subgroups with and without subclinical atherosclerosis are 
presented in Table 2.
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Table 2. Baseline characteristics as distributed between subjects with and those without subclinical 
atherosclerosis

Variable Mean CIMT >0.78 mm 
(N=106)

Mean CIMT <0.78 mm 
(N=760)

Demographic variables

Age, years 52.3 [46.2 – 58.1] 39.6 [33.9 – 45.4]
Female 54 (51) 541 (71)
Unemployed 37 (35) 431 (57)
Married / life partner 64 (60) 288 (38)
HIV-related factors

Known duration of HIV infection, years 2.1 [0.78 – 4.5] 2.1 [0.99 – 4.8]
On ART 91 (86) 663 (87)

First-line 85 (94) 618 (94)
Second-line 6 (6) 45 (6)

CD4 cell count, cells/µl 323 [185 – 537] 389 [204 – 615]
<200 32 (30) 187 (24)
>200 74 (70) 569 (75)
No results 0 (0) 4 (1)

HIV viral load, copies/ml
On ART <50 61 (58) 447 (59)

50-1000 3 (3) 55 (7)
>1000 6 (6) 49 (6)
No results 21 (20) 112 (15)

ART-naïves 
(assumed to be >50 copies/ml) 15 (14) 97 (13)

Traditional cardiovascular risk factors

Current smoker 32 (30) 149 (20)
Previous cardiovascular event 7 (7) 12 (2)
Family history 5 (5) 40 (5)
Hypertension 52 (49) 138 (18)
BMI, kg/m2 24.2 [20.9 – 29.8] 23.1 [20.2 – 27.7]

Overweight 49 (46) 296 (39)
Obesity 26 (25) 123 (16)

Diabetes mellitus 13 (12) 28 (4)
Total cholesterol, mmol/l 4.7 [4.0 – 5.4] 4.3 [3.6 – 4.9]
LDL-cholesterol, mmol/l 2.65 [2.07 – 3.38] 2.45 [1.85 – 2.97]

High LDL ≥3.0 mmol/l 40 (38) 180 (24)
HDL-cholesterol, mmol/l 1.15 [0.95 – 1.41] 1.24 [0.97 – 1.53]
Triglycerides, mmol/l 1.3 [1.0 – 2.2] 1.1 [0.7-1.5]

Hypertriglyceridemia ≥1.7 mmol/l 33 (31) 154 (20)
Serum creatinine, µmol/l 71 [62 – 88] 66 [57 – 76]
eGFR-CKD-EPI, ml/min/1.73m2 108 [91 – 119] 123 [107 – 134]
Serum ALT, U/l 25 [19 – 33] 23 [17 – 33]
Albuminuria 25 (24) 157 (21)
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Table 2. Continued

Variable Mean CIMT >0.78 mm 
(N=106)

Mean CIMT <0.78 mm 
(N=760)

FHS-10, % 7.6 [4.4 – 11.1] 2.1 [0.8 – 4.6]
≥ 10% 23 (27) 29 (4)
≥ 15% 13 (15) 6 (1)

Metabolic Syndrome 30 (28) 103 (14)
Data are no. (%) of patients or median value [interquartile range]. 
Abbreviations: CIMT, carotid intima media thickness; N, number; ART, antiretroviral therapy; BMI, 
Body Mass Index (weight / (height)2); eGFR-CKD-EPI, glomerular filtration rate, estimated by the 
CKD-EPI equation (Chronic Kidney Disease Epidemiology Collaboration) based on age, gender, race 
and serum creatinine; ALT, alanine transaminase; FHS-10, Framingham 10-year Heart Risk Score
CD4 cell count: Most recent CD4 cell count within previous 18 months. HIV viral load: Most recent 
HIV viral load within previous 18 months; assumed to be >50 copies/ml if unknown and patient is ART-
naïve. Current smoker: Smoking daily in the last 3 months, tobacco and snuff. Previous cardiovascular 
event: myocardial infarct or stroke in the past. Family history: first-degree family member (parent or 
sibling) myocardial infarct or stroke before age of 60. Hypertension: High blood pressure at physical 
examination: SBP ≥140 mmHg or DBP ≥90 mmHg, or use of antihypertensive medication. Diabetes 
mellitus: HbA1c ≥6.5% or use of diabetes medication. Overweight: BMI ≥25 kg/m2. Obesity: BMI ≥30 
kg/m2. Albuminuria: Moderately increased albuminuria defined as urine albumin-creatinine-ratio >30 
mg/g. FHS-10: only for patients without previous cardiovascular event or diabetes mellitus (N=832). 
Metabolic Syndrome: defined according to the NCEP ATPIII guidelines.

Relation between carotid IMT and HIV-related and traditional cardiovascular 
risk factors

In univariate linear regression analysis, both a higher age and male gender were 
strongly associated with higher mean CIMT. Hypertension was also significantly 
related, just as BMI, smoking, a previous cardiovascular event, DM, total and LDL-
cholesterol, triglycerides, moderately increased albuminuria, eGFR, MetS and FHS-
10. None of the HIV-related variables were significantly associated with mean CIMT 
in univariate analysis.  

After adjusting for both age and gender, several traditional cardiovascular risk 
factors were significantly related to mean CIMT. A previous cardiovascular event was 
associated with a mean increase in CIMT of 0.089 mm (95% confidence interval 
(CI), 0.034-0.144 mm), hypertension with a mean increase of 0.047 mm (95% CI, 
0.026-0.067 mm), diabetes mellitus with a mean increase of 0.053 mm (95% CI 
0.015-0.091 mm), and obesity with a mean increase of 0.043 mm (95% CI, 0.021-
0.065 mm). Other determinants that were significantly related to mean CIMT were 
total cholesterol and LDL-cholesterol, eGFR, MetS, and FHS-10. HIV determinants 
remained unrelated to mean CIMT following adjustments for age and gender. Results 
of linear regression analyses are shown in Table 3. In a model including all variables 
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Table 3. Factors associated with mean carotid intima media thickness

Factor B (CI)

Demographic variables

Age, years (only adjusted for gender) 0.009 (0.008-0.009)*

Female (vs. male) (only adjusted for age) -0.041 (-0.059- -0.024)*

HIV-related factors

Known duration HIV infection, years 0.000 (-0.003-0.003)

On ART (vs. no ART) -0.003 (-0.027-0.021)

Second-line ART (vs. first-line) 0.011 (-0.024-0.046)

CD4 cell count (per 100 cells/µl) 0.001 (-0.002-0.004)

CD4 cell count >200 cells/µl 0.008 (-0.010-0.027)

HIV viral load >50 copies/ml or ART-naïves -0.003 (-0.023-0.016)
Traditional cardiovascular risk factors

Current smoker 0.015 (-0.006-0.035)

Previous cardiovascular event 0.089 (0.034-0.144)*

Family history 0.013 (-0.023-0.050)

Hypertension 0.047 (0.026-0.067)*

BMI, kg/m2 0.004 (0.002-0.005)*

Overweight 0.031 (0.014-0.048)*

Obesity 0.043 (0.021-0.065)*

Diabetes mellitus 0.053 (0.015-0.091)*

Total cholesterol, mmol/l 0.009 (0.001-0.016)*

LDL-cholesterol, mmol/l 0.011 (0.002-0.020)*

HDL-cholesterol, mmol/l -0.010 (-0.028-0.008)

Triglycerides, mmol/l 0.009 (0.000-0.019)

eGFR-CKD-EPI (per 10 ml/min/1.73m2) -0.004 (-0.008-0.000)*

Serum ALT, U/l 0.000 (0.000-0.001)

Albuminuria 0.007 (-0.013-0.027)

FHS-10, % 0.008 (0.005-0.011)*

FHS-10 ≥10% 0.048 (0.012-0.084)*

Metabolic Syndrome 0.039 (0.016-0.061)*

Linear regression analysis with dependent variable mean carotid intima media thickness. Included 
subjects with available mean CIMT: 866. Regression coefficients (B) with 95% confidence interval (CI), 
adjusted for age and gender. B represents the change in CIMT for 1 unit of change in the independent 
variable, while holding other variables in the model constant. For example, if the age increases with 1 
year, the CIMT increases with a mean value of 0.009 mm (95% CI, 0.008-0.009 mm). 
Bold*: P<0.05; Statistically significant.
Abbreviations: ART, antiretroviral therapy; BMI, Body Mass Index (weight / (height)2); eGFR-CKD-EPI, 
glomerular filtration rate, estimated by the CKD-EPI equation (Chronic Kidney Disease Epidemiology 
Collaboration) based on age, gender, race and serum creatinine; ALT, alanine transaminase; FHS-10, 
Framingham 10-year Heart Risk Score.
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(HIV-related as well as demographic and cardiovascular), still no association between 
HIV infection and CIMT could be demonstrated.

When analyses were repeated with mean CCIMT and bulb CIMT as dependent 
variable respectively, comparable associations were found, although eGFR was not 
significantly related to increased CCIMT, and a previous cardiovascular event, total 
and LDL-cholesterol, and eGFR were not related to increased bulb CIMT (results 
not shown).

In binary logistic regression, analyses with subclinical atherosclerosis as dependent 
variable showed similar results as the linear regression models. Determinants that 
were independently associated with subclinical atherosclerosis, after adjustment for 
age and gender, were the following: hypertension, BMI, previous cardiovascular event, 
increased total and LDL-cholesterol, triglycerides, DM, MetS, and FHS-10. Again, 
no HIV-related factors were independently associated with subclinical atherosclerosis 
(see supplementary data).

Discussion

The findings of this study show that CIMTs in HIV-infected subjects in a rural area 
in South Africa are considerably high and that subclinical atherosclerosis is present 
among a substantial number of HIV-infected people. Highly prevalent traditional 
cardiovascular risk factors are related to increased CIMT, in contrast to HIV-related 
factors.

To our knowledge, this is the first report to describe CIMTs in a large number 
of HIV-infected subjects in a sub-Saharan African setting. One cross-sectional study 
from Uganda investigated the prevalence of subclinical atherosclerosis in 186 HIV-
infected adults and the correlation between such atherosclerosis and traditional risk 
factors [25]. They found that almost one fifth of the population (18%) had signs of 
subclinical atherosclerosis, using the same CIMT cut-off value, being slightly more 
than the proportion in the current study. The prevalence of cardiovascular risk factors 
was comparable in both study groups, but the number of investigated subjects in the 
Ugandan cohort was smaller and fewer participants were on ART than in our study 
group (41% vs. 87%). 

In this study traditional cardiovascular risk factors are related to increased CIMT 
and seem to have a larger contribution to the development of atherosclerosis than 
HIV-related factors. These results are comparable to research performed among 
Western HIV-infected subjects. The associations between hypertension, BMI, a 
previous cardiovascular event, total and LDL-cholesterol, DM, and eGFR and CVD 
are well-known and described in various HIV-infected populations [26-33]. A relation 
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between smoking and CIMT could not be detected in the current study. The relation 
between MetS and FHS-10 and CIMT shows that both risk models are useful tools 
for assessing CVD risk in this population. 

Although it is assumed that HIV infection and its treatment influence 
cardiovascular risk, we did not find a relation between HIV-specific factors and 
CIMT. Neither CD4 cell count, HIV viral load, nor known duration of infection 
were independently associated with subclinical atherosclerosis, in contrast to earlier 
reports [10, 30, 34, 35]. Additionally, we did not see an effect of treatment with ART 
or ART-regimen on CIMT outcome. An association between PI use and enlarged 
CIMT among HIV-infected has been observed previously, but this could not be 
confirmed in our study [29, 30, 36-38]. However, the power to detect such a relation 
within this study population may have been too small, with only a small proportion of 
patients receiving PI-based second-line ART and substantial heterogeneity within this 
subgroup. Moreover, the median duration of PI use of those patients was relatively 
short (only 24 months), which may not be long enough to detect a significant effect 
on CIMT.

The relatively large CIMT values in this study population, when compared to 
healthy Western study groups, could possibly be explained by both their positive 
HIV status and the African ancestry. A thicker CIMT among HIV-infected people as 
compared to HIV negatives has been described, as well as a faster rate of progression 
of CIMT over time [10, 32, 35]. African ethnicity and the genetic makeup of people 
in this cohort could also contribute to the development of large CIMT values, as they 
have been shown to have larger CIMTs compared to non-African subjects [39-42]. 

A difficulty in studying CIMT values is the lack of a general cut-off point, because 
of its variances between different populations. A universal ‘normal’ value for CIMT 
and the definition of subclinical atherosclerosis cannot clearly be defined. Results of 
CIMT measurements depend on multiple factors, including composition of the study 
population, and exact methods of CIMT measurements and analyses [23, 43, 44]. 
However, it is possible to relate measured CIMT values to other specified populations. 
Gathering information on CIMT values in ‘new’, previously undescribed populations 
increases the knowledge and accessibility to reference values. The cut-off value of 0.78 
mm, used to define increased CIMT, was based on findings from a study that led to 
the estimation that, on average, a healthy person reaches this value at the age of 76 
years [24]. The median age of subjects with subclinical atherosclerosis in our study 
group was only 52. Thus, already at a younger age high CIMT values were observed 
in a subgroup of this South-African population. 
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The findings of the study are of importance for HIV care in RLS where NCDs are 
on a rise. It shows that traditional cardiovascular risk factors are highly prevalent and 
play an important role in the development of long-term complications among people 
living with HIV. Cardiovascular screening and prevention are currently not part of 
routine HIV care. Many people in these settings suffer from financial constraints and 
cannot afford paying for antihypertensive, lipid-lowering, or diabetes therapy. Those 
medications are generally not provided for free, in contrast to ART and antituberculous 
treatment, which are being funded by governmental treatment programs. Screening 
and treatment of NCDs, especially CVD, should be a part of clinical care, which 
requires a reorganization of financial resources. This is a challenging task, but should 
nevertheless be achievable. Successful implementation of integrated health services 
for HIV and tuberculosis in RLS could serve as a model for combined HIV and 
cardiovascular health care [45, 46].

As many traditional risk factors are lifestyle- and nutrition-related, it is to be expected 
that atherosclerosis is not only highly prevalent among the HIV-positive population, 
but that HIV-negative individuals in these settings are affected as well. HIV-negatives 
could therefore benefit equally from integrated chronic disease programs, and future 
research should focus on both HIV-infected and HIV-uninfected people.

Strength of this study is the large number of HIV-infected patients included, 
leading to a true reflection of the distribution of CIMTs and prevalence of subclinical 
atherosclerosis. It is one of the first studies describing the relation of variables associated 
with a surrogate cardiovascular endpoint in these settings, where the majority of 
the worldwide HIV-infected population is residing. There are some limitations 
as well. A lack of an HIV-negative control group made it impossible to draw any 
conclusions on the true effect of HIV infection on CIMT. Furthermore, as a result 
of the descriptive cross-sectional design, only associations and no causality could be 
demonstrated. A longitudinal prospective cohort study with CIMT measurement and 
hard cardiovascular endpoints could give more information on progression of CIMT 
and the occurrence of CVD. Still, CIMT is a good surrogate for the incidence of 
cardiovascular endpoints such as stroke and myocardial infarct [20-22]. 

In conclusion, in this HIV-infected population in rural South Africa, CIMT values 
are relatively high and associated with traditional cardiovascular risk factors rather 
than HIV-related factors. This emphasizes the need for screening and prevention 
for CVD among people living with chronic HIV infection in RLS, which ideally 
would be integrated in HIV care in the current health care systems. This requires a 
reorganization of financial resources and is a major challenge for the near future.
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Supplementary table 1. Factors associated with subclinical atherosclerosis

Factor OR (CI)

Demographic variables

Age, years (only adjusted for gender) 1.14 (1.11-1.17)*
Gender (female vs male) (only adjusted for age) 0.41 (0.26-0.65)*

HIV-related factors

Known duration HIV-infection, years 1.04 (0.96-1.13)
On ART (vs. no ART) 0.95 (0.48-1.86)
Second-line ART (vs. first-line) 1.59 (0.61-4.17)
CD4 cell count (per 100 cells/µl) 0.98 (0.90-1.06)
CD4 cell count >200 cells/µl 0.81 (0.48-1.36)
HIV viral load >50 copies/ml or ART-naïves 0.97 (0.55-1.71)

Traditional cardiovascular risk factors

Current smoker 1.20 (0.72-2.02)
Previous cardiovascular event 4.84 (1.42-16.55)*
Family history 0.89 (0.31-2.55)

Hypertension 2.51 (1.54-4.09)*
BMI, kg/m2 1.09 (1.04-1.14)*
Overweight 1.72 (1.06-2.79)*
Obesity 2.11 (1.17-3.80)*
Diabetes mellitus 2.79 (1.22-6.38)*

Total cholesterol, mmol/l 1.35 (1.10-1.66)*
LDL-cholesterol, mmol/l 1.40 (1.10-1.79)*
HDL-cholesterol, mmol/l 0.70 (0.41-1.19)
Triglycerides, mmol/l 1.37 (1.11-1.70)*

eGFR-CKD-EPI, ml/min/1.73m2 0.99 (0.98-1.01)
Serum ALT, U/l 1.00 (0.99-1.01)
Albuminuria 0.91 (0.52-1.56)

FHS-10, % 1.13 (1.06-1.21)*
FHS-10 ≥ 10% 2.15 (1.07-4.32)*
Metabolic Syndrome 1.98 (1.14-2.30)*

Binary logistic regression analysis with dependent variable subclinical atherosclerosis. Subclinical 
atherosclerosis defined as mean carotid intima media thickness (CIMT) >0.78 mm. Included subjects 
with available mean CIMT: 866. Number of endpoints: 106. Odds Ratio (OR) with 95% confidence 
interval (CI). Adjusted for age and gender. 
Bold*: P<0.05; Statistically significant.
Abbreviations: ART, antiretroviral therapy; BMI, Body Mass Index (weight / (height)2); eGFR-CKD-EPI, 
glomerular filtration rate, estimated by the CKD-EPI equation (Chronic Kidney Disease Epidemiology 
Collaboration) based on age, gender, race and serum creatinine; ALT, alanine transaminase; FHS-10, 
Framingham 10-year Heart Risk Score.
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Introduction

Since the introduction of antiretroviral therapy (ART) almost two decades ago, the 
course of an HIV infection has shifted from acute illness with high mortality towards 
a chronic disease with good life expectancy. Alongside the improved survival, new 
comorbidities have emerged as well amongst the group of patients that is living with 
chronic HIV. Until now, most research on long-term comorbidities in this population 
has been performed among Western patients in Europe and the United States. Here, 
study subjects are predominantly male, Caucasian, and HIV-infected through MSM 
(men-having-sex-with-men) contact. Relatively little is known about the long-term 
effects of HIV in people with African ethnicity, while the majority of the worldwide 
HIV-infected population resides in sub-Saharan Africa (SSA). This thesis aimed to 
address some aspects of treating HIV and African origin, both looking at the role of 
African ethnicity within a Western-European country such as the Netherlands, and 
studying some long-term effects of HIV in a rural area in South Africa.

The results of the studies are summarized in this chapter. Subsequently, the 
relevance and implications for the future will be discussed and we will appoint new 
research questions, arising from the current work.

Summary

Part 1: African ethnicity and HIV infection in the Netherlands

Taking care of HIV infection in African patients is different from treating the widely studied 
Western population for several reasons, which have been outlined in Chapter 1. Factors 
potentially influencing the course of HIV infection in Africans are socio-economic 
and cultural aspects, demographic characteristics of the population, late disease 
presentation characterized by a more advanced immunosuppressed state, increased 
risk of comorbidities such as tuberculosis, varying HIV subtypes, and the genetic 
makeup of individuals of African ethnicity. 

We aimed to look into the role of genetic diversity by comparing individuals from 
African origin with people originating from Western European countries within the 
Dutch HIV population. We made use of the observational AIDS Therapy Evaluation 
in the Netherlands (ATHENA) cohort. Patients from various regions of origin are 
most likely to undergo similar diagnostic procedures in specialized HIV treatment 
centers in the Netherlands. As a result, the impact of differences in HIV treatment 
will be minimal, which makes it possible to hypothesize about the role of host factors 
and genetic makeup in subjects of varying ancestries. 
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Pneumocystis jirovecii pneumonia (PJP) is a frequently diagnosed fungal opportunistic 
infection among HIV-infected people in Western countries. It remains one of the 
commonest HIV-related infections, despite the ART-associated decline in morbidity 
and improved diagnostic and treatment strategies for PJP [1-3]. In contrast, various 
reports have shown that the prevalence of PJP among HIV-infected people in SSA 
is low. Furthermore, racial differences in the occurrence of PJP have been observed 
in Western countries as well, although results are conflicting [4-7]. In Chapter 2, 
we investigated all HIV-positive patients in the Netherlands diagnosed between 
1996 and 2011. We found that sub-Saharan African origin was associated with a 
significantly lower risk of having PJP at the moment of HIV diagnosis compared 
to Western European patients, in spite of having a more-compromised immune 
system, as shown by the lower CD4 cell count. Moreover, a clearly lower risk for 
PJP acquisition later during follow-up after HIV diagnosis was observed among 
sub-Saharan Africans versus Western European patients. Since it is likely that most 
patients in our cohort were infected with Pneumocystis in the Netherlands, the results 
suggest that host factors, such as genetic variability, may be partly responsible for the 
observed difference between Africans and non-Africans. 

It would be interesting to find out more about the specific underlying gene 
mutations. In some reports, various gene mutations have been associated with the 
risk of developing PJP in HIV-infected patients, such as a deletion in the CCR5 gene 
(CCR5-Δ32), the CCRL2 F167Y mutation and a histidine-histidine polymorphism 
of one of the Fc segment receptors of IgG (FcγRIIa), but exact mechanisms remain 
to be explored [8-10]. We hypothesized that genetic variability in Toll-like receptors 
(TLRs) and/or Dectin-1 could explain the findings. This needs to be addressed in 
future translational studies. It will be a challenging task though, regarding the inability 
to isolate P. jirovecii in culture, which is required for in vitro laboratory research [11]. 

The results from the study show that the indication for PJP prophylaxis among 
patients from African origin is less hard as compared to Caucasian subjects, regarding 
their significantly smaller risk for contracting the opportunistic infection. In Western 
settings, where HIV patients are under close follow-up, it might be considered to 
be less strict in the prescription of PJP prophylaxis, especially in case of toxicity 
or adverse effects of the generally prescribed co-trimoxazole. On the other hand, 
although the study showed a clear diminished PJP risk in Africans, still a number of 
patients from African ethnicity developed PJP (3.7%). The same applies to countries 
in SSA, where the total number of people living with HIV and thus at risk for PJP 
is considerably higher. Presumably, the use of PJP prophylaxis remains cost-effective 
and thus justifiable in SSA. Moreover, co-trimoxazole is used as prophylaxis for 
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other opportunistic infections as well, such as toxoplasmosis. In the World Health 
Organization (WHO) guidelines it is still recommended to start co-trimoxazole in 
both HIV-infected adults and children in resource-limited settings (RLS) [12, 13]. 
In addition to its anti-PJP effects, co-trimoxazole is found to have benefits to adults 
receiving long-term ART in settings with a high incidence of malaria and bacterial 
infections. In several studies in SSA, its use was shown to reduce mortality among 
people living with HIV infection [14, 15].

In Chapter 3 we describe the results of a study into the role of African ethnicity 
as a risk factor for chronic kidney disease (CKD) in HIV infection in the current 
treatment era. Throughout the HIV epidemic, CKD was predominantly observed in 
individuals of African origin, with a more rapid progression to ESRD compared to 
non-African people [16, 17]. Certain genetic variants among Africans are known to 
cause increased genetic susceptibility for developing renal disease in advanced HIV 
infection [18-20]. Historically HIV-associated nephropathy (HIVAN) has been the 
predominant cause of CKD in HIV, but its incidence has markedly decreased as a 
result of the introduction of ART. Instead, the spectrum of HIV-related CKD has 
changed with a shift towards different origins, such as vascular disease and nephrotoxic 
effects of ART. The analyses in the Dutch ATHENA cohort in Chapter 3 show that 
in recent years people of sub-Saharan African ancestry still had a significantly higher 
risk for having CKD at baseline (the date of the first available creatinine measurement 
after 1 January 2007) compared to people of Western European origin. On the other 
hand, African HIV-positives who did not have impaired renal function at baseline 
had similar risks of contracting CKD later during follow-up compared to people 
from Western Europe. Possibly, genetic predisposition is of minor importance in the 
occurrence of CKD of other nature than HIVAN. Other factors that were associated 
with the incidence of CKD were diminished renal function at baseline, an older 
age, female gender, a lower CD4 cell count (below 100 cells/μl), and the traditional 
cardiovascular risk factors hypertension, diabetes mellitus and smoking.

Part 2: Treating HIV in rural South Africa

The second part of this thesis describes results from studies performed in Ndlovu 
Medical Centre (Ndlovu MC), situated in a rural area in South Africa. 

Since the numbers of subjects on ART in RLS are growing, it is essential to 
evaluate the outcome of current treatment regimens. Awareness of the efficacy of 
treatment strategies may influence decisions taken in health care policies, often 
guided by restricted resource availability. The long-term efficacy of first-line regimens 
in these settings have been extensively studied, showing that in patients surviving and 
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remaining in care after the initial months of treatment, outcome measurements were 
comparable to those observed in Western countries [21].

The results of an observational study looking into the efficacy of protease inhibitor 
based second-line ART are described in Chapter 4. It shows that good virological 
outcomes following first-line failure can be achieved in both adult and pediatric 
patients. After twelve months of therapy, an adequate virological response was 
observed in more than seventy percent of the subjects with the vast majority showing 
full virological suppression. The virological outcome was sustainable during the two-
year follow-up period, although persisting low-level viremia occurred in a subset of 
patients. This may indicate on-going viral replication, and could lead to the selection 
of drug-resistance mutations and subsequent virological failure [22]. 

A lack of correlation was observed between virological failure and WHO-defined 
immunological failure as stated in 2010 [23], which had been previously described 
for first-line treatment outcomes in this cohort as well [24, 25]. As virological failure 
normally precedes immunological and clinical failure, early detection is of major 
importance [26-28]. Furthermore, patients continuing ART while experiencing 
virological failure develop resistance mutations more easily. Such resistance mutations 
can then be transmitted to new partners, limiting their future treatment options 
even further [29]. This emphasizes the need for virological monitoring in these 
settings. Moreover, on-going evaluation of the long-term efficacy of HIV treatment 
is warranted, as well as screening for virological resistance mutations in patients 
presenting treatment failure or low-level viremia.

We performed a cross-sectional observational study in Ndlovu MC focusing on renal 
and cardiovascular disease to have a look into the prevalence of non-communicable 
diseases (NCDs) in HIV infection. Over 900 HIV-infected patients were screened for 
the presence of cardiovascular risk factors and morbidity by questionnaires, physical 
examination, blood and urine investigations and ultrasound measurement of the 
carotid arteries. 

Chapter 5 describes the analyses evaluating the prevalence of renal impairment, 
albuminuria and its associated risk factors in this population. Albuminuria 
characterizes the vicious cardiovascular-renal circle that arises where cardiovascular 
disease (CVD) causes kidney damage, which in turn worsens cardiovascular risk [30-
33]. HIV-infected patients with albuminuria are more likely to develop CKD than 
those without, and it is associated with a higher risk of developing CVD and mortality 
[34-37]. In our study population, a diminished glomerular filtration rate (GFR) (<60 
ml/min/1.73m2) was observed in 2% of the participants, while albuminuria (albumin-
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creatinine-ratio >30 mg/g) prevalence was 21%. Renal function and the cardiovascular 
risk factors hypertension and serum total cholesterol were independently associated 
with albuminuria. Among patients receiving ART, a detectable viral load was also 
related to having albuminuria. 

Effective regulation of hypertension and diabetes mellitus was low, and no 
patients received lipid-lowering medication. In hypertensive patients, more than three 
quarters did not receive any antihypertensive treatment, while half of the patients 
on antihypertensive therapy were inadequately regulated. As such, detecting and 
treating both dyslipidemia and hypertension may be important targets for therapeutic 
interventions to prevent albuminuria and cardiovascular events and to improve long-
term prognosis of HIV infection. 

The presence of atherosclerotic disease in the same study population was assessed 
by measuring carotid intima media thickness (CIMT) and is described in Chapter 6. 
CIMT ultrasound investigations can non-invasively assess early atherosclerotic arterial 
wall changes. CIMT is shown to be associated with risk of stroke and myocardial 
infarction and is a well-validated surrogate imaging endpoint for the status and future 
risk for cardiovascular morbidity and mortality [38-40]. Both HIV infection and 
African ancestry are related to a higher risk for atherosclerosis as measured by enlarged 
CIMTs [41-46]. 

The outcome of the study shows that CIMT values in the HIV-infected population 
in this rural area are considerably higher in comparison to healthy Western reference 
populations [47, 48]. Subclinical atherosclerosis was already present in twelve 
percent of the study group, who had a median age of only 52. High CIMT values 
were associated with the presence of traditional cardiovascular risk factors, such as 
hypertension, high BMI, diabetes mellitus, and high serum cholesterol values. On 
the other hand, HIV-related determinants (known duration of HIV infection, the 
use of ART, CD4 cell count, and HIV viral load) were not related to subclinical 
atherosclerosis. Again, keeping in mind these results, screening for and treatment 
of modifiable risk factors such as hypertension, diabetes mellitus, and dyslipidemia 
could potentially diminish morbidity and mortality of HIV-infected individuals in 
RLS.

General discussion and future perspectives

HIV: from acute illness towards chronic disease

Since its rise in the early 1980s, dealing with HIV infection has shifted from targeting 
acute illnesses towards chronic disease management. The positive effects of the 
introduction of ART have led to increased survival of people living with HIV. Now 
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that virological suppression and immunological restoration are achievable for the 
majority of people, new aspects of living with HIV have come to light. HIV infection 
is believed to cause chronic inflammation and immune dysregulation, which on 
its turn induce increased ageing among the HIV-infected population. As a result, 
atherosclerotic disease and other NCDs such as malignancies and neurocognitive 
disorders (the so called non-AIDS associated illnesses) are more frequently observed 
in affected people compared to HIV-negatives. Furthermore, the various drugs used 
for antiretroviral regimens have potential toxic effects that could also contribute to the 
development of comorbidities. This changing landscape of HIV has been in motion 
since years in Western countries and has been widely studied.

In SSA a major change in HIV infection is going on as well since the massive 
rollout of ART, albeit a decade later than in Western countries. Also in RLS, HIV 
has become a chronic disease with improved life expectancy for the majority of HIV-
infected people on lifelong treatment. If and how treating HIV in African individuals 
is different from HIV care in Western countries is related to many aspects. A few of 
them have been studied in this thesis. The meaning and potential implications for 
health care policies and future research will be explored below.

Delayed HIV diagnosis

Already early in the course of infection, when most patients are still treatment-naive, 
differences in disease presentation can be observed. The occurrence of various AIDS-
defining illnesses can be influenced by African ethnicity. For instance, PJP is less 
prevalent among sub-Saharan Africans, as was presented in this thesis. On the other 
hand, Africans have an evidently increased risk for contracting tuberculosis. The 
prevalence of HIVAN is also related to African ancestry, probably as a result of genetic 
predisposition. Late presentation of HIV is still a common phenomenon, both among 
people from African origin in Western countries and in sub-Saharan African regions 
[49-51]. Especially in RLS, delayed HIV diagnosis remains a challenging problem, 
since limited health care resources hinder treatment of advanced disease. This is 
reflected in high numbers of early attrition resulting from all-cause mortality and 
patients being lost to follow up soon after start of first-line ART in SSA [21]. Early 
detection remains a major focus for improving HIV health care in RLS.

Genetic variety

Other aspects of HIV infection are potentially affected by the African genetic makeup 
as well, in addition to genetic predisposition for HIVAN or a lower risk for contracting 
PJP.
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As such, genetic host factors of African individuals can influence the efficacy of ART. 
A few studies from the United States have looked into racial differences in response 
to ART, showing that African-Americans have higher rates of virological failure 
compared to non-Africans, although results are conflicting [52-54]. The cause for 
the reported disparities is not clear, and it is suggested that unmeasured social factors 
play a role. On the other hand, several genetic traits have been identified that could 
alter the efficacy or toxicity (and therefore continuation) of treatment, which differ 
by ethnicity [55-58]. In addition, HIV viral characteristics, such as subtype and the 
presence of drug-resistance mutations, contribute to the efficacy of the various ART 
regimens. There is an ongoing expansion of new antiretroviral drugs. New regimens 
are often primarily investigated among Western HIV-infected populations, but it is 
also important to evaluate and monitor pharmacological effects among individuals of 
African ethnicity.  Such knowledge is of importance and useful if, hopefully in the 
near future, more antiretroviral drugs will become available in countries in SSA. 

It should be considered that the influence of genetic host factors can change in 
parallel with the current transition of HIV infection from an acute illness towards 
a chronic disease. Other causes for comorbidities emerge, for which genetic variety 
can be more or less important. For instance, a shift in etiology of CKD is observed, 
as has been described in this thesis. In the past, HIVAN was the predominant cause, 
but in the current era, antiretroviral toxicity and possibly ageing and vascular disease 
are more relevant regarding the etiology of renal diseases in HIV infected patients for 
which genetic susceptibility seems to be of lesser importance.

Obviously, it seems a tremendous and unachievable task to get to know all genetic 
mutations related to ethnic disparities in HIV treatment and its comorbidities. 
Furthermore, one needs to realize that the term ‘sub-Saharan Africa’ entails more than 
half of an entire continent, where over 930 millions of people reside, corresponding 
with more than one third of the global population [59]. The variety of people and 
cultures within this so-called ‘sub-Saharan African’ population is very high and it 
should be borne in mind that Africa is genetically much more diverse than other 
regions in the world. Still, patterns of disease susceptibility among Africans varying 
from other global regions of origin suggest the existence of specific defects or genetic 
variants in the modern human founder population that migrated out of Africa 60 000 
years ago [60, 61].
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Non-communicable diseases in sub-Saharan Africa

Cardiovascular disease

The general assumption that CVDs are related to a ‘Western lifestyle’ and 
predominantly prevalent in high-income countries appears to be old-fashioned and 
not true. In parallel to the growing numbers of people living with HIV, SSA is facing 
a ‘new epidemic’ of NCDs whose prevalence is high and rising rapidly in the last ten 
years. Traditional risk factors for NCDs such as tobacco use, excessive use of alcohol, 
unhealthy diet, and physical inactivity, are highly prevalent in SSA and seem to be 
increasing over time [62, 63]. Furthermore, the rise in NCDs is attributable to the 
ageing of the population. The number of older people is expanding, resulting in a 
growing group of people who are at greatest risk of developing NCDs [64].

The escalating numbers of NCDs such as CVD and diabetes mellitus in RLS are 
alarming and a major concern for public health care providers nowadays. CVDs are 
the number 1 cause of death globally. In 2012 an estimated number of 17.5 million 
people died of CVD, with more than three quarters of those deaths taking place in 
low- and middle-income countries [65]. The urgency of the rise of NCDs is on the 
agenda of global health politics. For instance, all Member States (194 countries) of the 
World Health Organization agreed in 2013 on mechanisms to reduce the avoidable 
NCD burden, including a “Global action plan for the prevention and control of 
NCDs 2013-2020”. This plan aims to reduce the number of premature deaths from 
NCDs by 25% by 2025 through nine voluntary global targets, such as reduction in 
the use of excessive alcohol and tobacco, physical inactivity, and the prevalence of 
hypertension [66]. 

Both urban and rural areas in RLS show an emergence of risk factors for 
atherosclerotic vascular disease. Urbanization is often associated with a higher 
prevalence of these risk factors and cardiovascular morbidity and mortality. Living in 
urban areas might influence dietary habits and consumption rates, and increased risks 
for obesity, diabetes, hypercholesterolemia and hypertension have been observed [67-
71]. On the other hand, the prevalence of cardiovascular risk factors seems to be rising 
in rural areas in SSA as well, although the majority of research has been performed in 
urban settings [72-75]. 

Research presented in this thesis shows that NCDs such as cardiovascular and 
renal disease are a major health challenge among HIV-infected individuals in rural 
SSA. The cross-sectional study performed in Elandsdoorn township shows that 
the cardiovascular risk factors hypertension, obesity, and dyslipidemia are highly 
prevalent in this population. The same holds true for albuminuria, which is either a 
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cardiovascular risk factor itself, or a marker for an increased cardiovascular risk profile. 
Furthermore, atherosclerosis was observed in more than ten percent of the study 
participants already at a young age, and clearly related to the presence of those risk 
factors. These numbers are alarming and especially worrisome because the majority of 
the patients had not been diagnosed previously or were inadequately treated for the 
specific conditions. It reveals that the current method of service delivery is insufficient 
to address these clearly emerging health problems. 

Neurocognitive impairment

Neurocognitive impairment is an important and highly prevalent comorbidity in 
HIV infection. In the beginning of the HIV epidemic, many HIV-infected patients 
developed severe progressive cognitive and motor impairment in the final stage of 
their illness, the so-called HIV-associated dementia. Following the introduction and 
expansion of ART, the incidence of this clinical syndrome diminished considerably, but 
the occurrence of milder forms of HIV-associated neurocognitive disorders (HAND) 
has increased instead, including asymptomatic neurocognitive impairment and mild 
neurocognitive disorder [76]. Cognitive impairment is a relevant complication of 
HIV infection, partly because it may affect adherence to treatment and ultimately 
result in therapy failure leading to increased morbidity and mortality. 

HAND is particularly seen among older people living with HIV and those with 
more advanced immunosuppression, but also among patients with systemically well 
controlled infection. Cardiovascular risk factors and metabolic disorders are associated 
with the occurrence of HAND [77, 78]. The exact pathogenic mechanisms of HAND 
remain unclear. Direct cytotoxic effects of HIV within the central nervous system 
(CNS) play an important role. ART often has beneficial effects on neurocognitive 
dysfunction in patients with HIV-associated dementia, although symptoms are not 
always totally reversed. The effectiveness of ART within the cerebral spinal fluid 
depends on the CNS penetration of the specific drugs. In addition, there is not always 
a clear relationship between levels of HIV-RNA in the cerebrospinal fluid and milder 
forms of HAND. Persistent intrathecal immune activation seems to play a role in 
the development of neurocognitive disorders. ART may have negative effects as well, 
although direct evidence for ART-related neurotoxicity is sparse. The widely used non-
nucleoside reverse transcriptase inhibitor efavirenz frequently causes neuropsychiatric 
side effects and may diminish neurocognitive functioning equally [79]. Screening for 
neurocognitive impairment in HIV-patients makes it possible to detect HAND in an 
early stage. Modifiable risk factors could be treated, such as cardiovascular disease, 
and ART should be started if not done previously, or the ART regimen needs to be 
switched if toxicity is considered.
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There is a growing recognition of HAND among people living with HIV in SSA. 
Neurocognitive impairment appears to be present in a substantial proportion of the 
HIV-infected population. ART has been shown to decrease the occurrence in SSA, but 
the burden remains high and might still be underestimated [80]. Adequate assessment 
of neurocognitive dysfunction is a concern, regarding the restricted availability of 
diagnostic resources in these settings. Neuropsychological tests are essential to the 
definition of HAND. Besides extensive neuropsychological evaluation, more rapid 
and simpler screening tools can be useful, such as the HIV Dementia Scale and 
International HIV Dementia Scale, both designed in Western subpopulations, of which 
the usefulness is still under investigation [76]. In all neuropsychological test batteries, 
normative data for healthy age- and sex-matched community controls are crucial, 
but are limited in RLS. Those tests should be validated for the target population’s 
culture and language and interpreted by appropriately trained professionals, which 
is an extra challenge regarding the widely variable cultural backgrounds in SSA 
[81]. Neuroimaging of the brain through MRI and cerebrospinal fluid examination 
(partly also used to rule out other causes of neurological disease such as opportunistic 
infections) are additional diagnostic methods. Those investigations are mostly not 
available in primary health care settings in RLS where the majority of HIV patients 
are treated. 

Neurocognitive screening is not routinely performed in HIV treatment clinics 
in RLS. Further research is warranted to assess the true size of this health threat and 
the risk factors involved. Collecting information would increase the accessibility to 
normative data and reference values in both HIV-infected and –uninfected populations 
in these settings. Furthermore, appropriate screening tools for neurocognitive 
impairment need to be developed, which are easy to use and cost-effective and can be 
implemented on a larger scale in RLS. Early diagnosis of HAND and identification 
of potentially modifiable risk factors are essential aspects of the long-term treatment 
of HIV infection. In case of detection, it should be considered to start ART earlier or 
to switch to a different regimen, which may have positive results.

In addition to the above-mentioned cardiovascular disease and neurocognitive 
impairment, other NCDs are highly prevalent in the HIV population as well. Non-
AIDS related malignancies are the most common cause of non-AIDS deaths in 
people living with HIV [82]. As such, HIV-infected women are at increased risk 
for developing cervical cancer, and the risk is even higher in RLS due to diminished 
access to screening and treatment programs [83]. Cervical cancer is the leading cancer 
death among women in SSA [65]. The prevalence of invasive cervical cancer appears 
to be on a rise, due to the ageing and growth of the HIV-infected population. There 
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is substantial regional variation in SSA, partly as a result of varying incidence rates of 
HPV infection. Highest numbers are found in Eastern and Western Africa, although 
in general the prevalence of HPV is higher in SSA compared with Western countries. 
Registered incidence numbers of cervical neoplasia depend on available diagnostic 
tools and the methods used for cancer surveillance and monitoring [84]. In Western 
countries, cervical screening is part of routine follow-up of HIV infection, but it is 
not yet common practice in SSA.

Care for non-communicable diseases

Nowadays, HIV treatment in Western high-income countries has shifted towards 
broad-spectrum chronic care. Besides the ‘standard’ treatment of infection aimed at 
viral suppression and immunological restoration, the other main focus of HIV care 
consists of screening, prevention, and treatment of cardiovascular risk factors, (pre)
malignant disease, osteoporosis and neurocognitive disease. This ‘new’ way of HIV 
health care in resource-rich settings is proving its relevance and benefits, for instance 
through reduced rates of cardiovascular disease mortality in recent years [82].

In contrast, screening and prevention of NCD risk factors are not common 
practice and part of routine clinical care in primary health centers in RLS. Financial 
constraints and restricted resource availability are partly responsible for this. In South 
Africa, governmental treatment programs fund ART and antituberculous treatment 
only. Because no such programs exist for screening and treatment of NCD, in general 
patients need to contribute to payment, which is regularly not possible. Moreover, a 
lack of awareness among health care workers may contribute to insufficient screening 
as well, since data on this subject have come available only in recent years.

Since many traditional cardiovascular risk factors are lifestyle- and nutrition-
related, such as tobacco use, physical inactivity, and unhealthy diet, it is to be expected 
that NCDs are not only highly prevalent among the HIV-positive population, but 
that HIV-negative individuals in these settings are affected as well. Further research 
among both HIV-infected and –uninfected individuals in a rural area in SSA will be 
relevant for the total population. Prospective, longitudinal studies, aimed to evaluate 
hard end points such as myocardial infarct and stroke, can provide knowledge on the 
general burden of CVDs. Besides, they can give an insight into the impact of HIV 
on the occurrence of such cardiovascular health issues. In this manner, other HIV-
related NCDs could be addressed as well, including neurocognitive impairment, renal 
disease, malignancies, etc.

Ideally, primary prevention for CVD would be implemented by means of 
community programs. Potentially, promotion of a healthy diet and increasing physical 
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activity, or smoking cessation campaigns could be used for this purpose. However, 
data on the effectiveness of lifestyle interventions are only limited and further research 
is warranted [63, 85]. 

Secondary prevention by simple interventional measures, such as treating 
hypertension and dyslipidemia, should be evaluated in future research as well. As the 
studies in this thesis show, much benefit may be gained from optimizing treatment 
of hypertension, dyslipidemia, and diabetes mellitus. Data for priority setting can 
be obtained via intervention trials, which is of importance regarding the restricted 
availability of resources.

Risk assessment models can subsequently help to identify people who are at an 
increased risk for NCDs, for whom primary or secondary prevention is most cost-
effective [86]. Those risk models need to be validated on African populations, both 
HIV-positive and HIV-negative. Moreover, risk assessment should be as simple as 
possible and require minimal laboratory testing. Alternatively, point-of-care testing 
could be useful, for instance for testing capillary blood glucose or measuring 
albuminuria in random spot urine samples. Easy to use rapid screening tools for 
cognitive impairment will be helpful in primary health care settings. Further research 
implementing and evaluating such models, laboratory testing, and screening tools, is 
necessary. It needs to be noted that earlier interventions could decrease negative effects 
on long-term health problems. In resource-restrained settings, late interventions such 
as renal replacement therapy or coronary bypass surgery are generally infeasible and 
in most cases advanced CVD leads to earlier mortality compared to Western settings. 

Integrated care for HIV and non-communicable diseases in 
sub-Saharan Africa

The increasing numbers of HIV-infected individuals in combination with the 
escalating prevalence of NCDs are an enormous burden for health care systems in 
SSA. Originally, health systems in RLS were predominantly designed to provide acute 
care only and are underequipped to provide the care for chronic NCDs [87]. Health 
services for long-term NCDs should be based on a chronic-care model consisting of a 
broad-spectrum, so-called ‘horizontal’ health care, instead of vertical and fragmented 
health care strategies with a focus on one disease. It requires continuity care, 
coordination and service over time, and communication between various disciplines 
involved [88]. Interestingly enough, in many RLS health care systems have already 
implemented continuity care programs for treating HIV, and these experiences could 
be leveraged to integrated NCD programs [71, 89]. Thus far, interventions regarding 
chronic HIV care are in place and functioning well and could be similarly implemented 
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for CVD management. Furthermore, the positive effects of integrated health services 
for HIV and tuberculosis have shown that successful implementation of combined 
care is possible and it could serve as a model for combined NCD and HIV care [90, 
91]. Ideally, the broader HIV-negative population in RLS could benefit equally from 
such integrated chronic disease programs, including the uninfected ageing group with 
illnesses such as diabetes, CVD, or neurological disease.

The optimal approach for developing chronic health care systems for integrated 
NCD and HIV care and its barriers still need to be identified. One key lesson from 
HIV programs is the need for a public health approach. The aim for a wide coverage 
of health services requires simple standardized protocols and algorithms, which can 
be implemented by a multidisciplinary team, comprising of both physicians and non-
physician clinicians. The engagement of patients and the community is essential in 
chronic care programs, where primary prevention and screening play an important 
role. Awareness of the burden of NCDs and its risk factors needs to be raised both 
among health care workers and within the community by adequate health information 
delivery [92]. AIDS-awareness programs can be used as models for implementation. 

Last, but certainly not the least, is the critical challenge of funding. Effective 
delivery of chronic disease interventions is highly dependent on a good health-
financing system. Adequate funds need to be raised in ways that ensure people can 
access services in spite of personal financial constraints. Although there has been a lot 
of global investment in ‘development assistance for health’ targeting HIV (resources 
flowing from high-income to low- and middle-income countries), total annual 
investments have stagnated since 2010 as a result of the 2008 financial crisis [93]. 
However, the need for ART is increasing following the growing number of people 
living with HIV in RLS. Furthermore, the majority of these and additional financial 
resources have been targeted at individual diseases only such as HIV, tuberculosis 
and malaria, and NCDs have been highly neglected [94]. Integrated chronic health 
care demands a reorganization and reallocation of financial resources, but it is to be 
expected that combined health care service delivery will be much more cost-effective 
than multiple fragmented vertical health programs. Obviously, the cost-effectiveness 
of new interventions needs to be determined. The outcome of different health care 
strategies and the efficiency of resource use should be monitored closely in research 
programs, which could guide future health care strategies.
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Ndlovu MC provides HIV treatment for a large part of the community in a rural, 
poor area in Limpopo, South Africa. Furthermore, amongst others, it offers “paid 
for service” primary health care, a tuberculosis program and maternity care. It has 
shown to be able to set up continuity care programs, such as integrated HIV and 
tuberculosis health care. In this line, I believe that Ndlovu MC is able to extend its 
expertise towards prevention, screening and treatment of long-term complications 
in HIV infection. As the research in this thesis showed, cardiovascular risk factors 
are of major importance in the occurrence of comorbidity with HIV. Screening for 
obesity, hypertension, albuminuria, and dyslipidemia are relatively easily achievable 
goals, and it should not be too complicated to implement this in the routine HIV 
follow-up. Primary prevention and increasing awareness of health risks within 
the local community could be part of the community programs initiated by 
Ndlovu Care Group, the nongovernmental organization acting in the surrounding 
Elandsdoorn township. A program for cervical screening in female HIV-positives 
is already in place and showing its beneficiary effects. Structural evaluation of the 
efficacy of such programs will contribute to improved knowledge on the prevalence 
of these health problems and are therefore of major importance. In Ndlovu MC, 
neurocognitive screening is not a part of routine follow-up yet, but regarding the 
growing information from Western (and few sub-Saharan African) studies, it may be 
of interest to start implementing easy to use screening tools in clinical practice. More 
extensive neuropsychological testing could be performed in research settings as well, 
both on HIV-positives and HIV-negatives, to collect normative data of this specific 
population.

Conclusion

Since HIV infection has shifted from an acute illness with high mortality towards 
a chronic disease with people on lifelong treatment, new long-term comorbidities 
have emerged. The course of an HIV infection may be different among people of 
African ethnicity compared with widely studied Western populations. Host factors 
such as genetic variability play a role in the occurrence of opportunistic infections, 
in long-term renal complications, and in other HIV-related problems. Knowledge on 
the potential effects of a different genetic makeup in people of African ancestry will 
contribute to improved HIV care.

Fortunately, treatment of HIV in SSA appears to have good long-term clinical 
and virological outcomes, although on-going evaluation of the efficacy of ART is 
warranted. New problems for HIV-infected people in these settings are rising as well. 
Non-communicable diseases, such as CVD and neurocognitive impairment are an 
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important health threat for people living with HIV in SSA. Traditional lifestyle-related 
risk factors are highly prevalent and associated with the presence of atherosclerotic 
disease. In contrast, prevention and treatment of cardiovascular risk factors are not 
routinely implemented in the current health service delivery in RLS, while the burden 
of CVD is only expected to increase in the coming years. Continuity care models 
integrating HIV and NCD care can be a solution for this major health problem, for 
which reorganization of financial resources is required. This is a grand challenge, but 
will hopefully lead to further improved survival and quality of life for people living 
with HIV in SSA in the current treatment era.
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HIV: van acute infectie naar chronische ziekte

HIV (humaan immunodeficiëntie virus) blijft een groot wereldwijd 
gezondheidsprobleem; in 2013 waren 35 miljoen volwassenen en kinderen HIV-
geïnfecteerd. Sinds de opkomst van de ziekte in de jaren ’80 van de vorige eeuw is 
er veel onderzoek gedaan naar het virus en het beloop van een infectie, waarmee een 
grote hoeveelheid kennis is verworven. De ontwikkeling van antiretrovirale therapie 
(ART), in het algemeen toegepast als een combinatie van minimaal drie antivirale 
medicamenten, heeft ertoe geleid dat in de huidige tijd de ziekte goed behandeld kan 
worden. De levensverwachting van mensen met HIV is enorm verbeterd en een HIV-
infectie is veranderd in een chronische ziekte met mensen op levenslange therapie. 
Doordat medicatiegebruik het virus meestal effectief kan onderdrukken, kan het 
immuunsysteem herstellen en is er niet meer sprake van een verhoogd risico op andere 
(opportunistische) infecties, wat bij onbehandelde ziekte wel het geval was. 

Behalve deze positieve ontwikkelingen, heeft het leven met chronische HIV en de 
levenslange therapie ook geleid tot het ontstaan van nieuwe gezondheidsproblemen. 
HIV-geïnfecteerde patiënten hebben een verhoogd risico op het krijgen van andere 
ziekten, waaronder hart- en vaatziekten (cardiovasculaire ziekten) en bepaalde soorten 
kanker, de zogeheten non-AIDS-ziekten. Verschillende factoren spelen hierbij een rol, 
zoals de bekende risicofactoren roken, alcoholgebruik en ongezonde voeding, die vaker 
vóórkomen in de HIV-geïnfecteerde populatie. Daarnaast wordt aangenomen dat een 
chronische infectie met HIV zorgt voor een proces van continue ontsteking in het 
lichaam, ondanks adequate antivirale medicatie. Dit lijkt onder andere te leiden tot 
versnelde veroudering bij HIV-patiënten en eerder optreden van vaatwandverkalking 
(atherosclerose), wat weer leidt tot het optreden van cardiovasculaire ziekten.

HIV bij patiënten van Afrikaanse afkomst in vergelijking met 
Westerse patiënten

Tot op heden is het merendeel van het onderzoek naar deze lange-termijn effecten 
van HIV uitgevoerd onder groepen van Westerse patiënten in Europa en de Verenigde 
Staten. In deze wetenschappelijke studies zijn de deelnemers over het algemeen 
man, Kaukasisch, en HIV-geïnfecteerd door MSM (mannen die seks hebben met 
mannen)-contact. Er is relatief weinig bekend over deze HIV-gerelateerde problemen 
bij mensen van Afrikaanse afkomst.

Het is belangrijk meer inzicht te krijgen in de lange-termijn effecten van HIV 
bij mensen van Afrikaanse afkomst, aangezien het overgrote merendeel van de 
wereldwijde HIV-populatie (>24,5 miljoen) zich in Sub-Sahara Afrika bevindt (SSA), 
en dit aantal neemt nog steeds toe. In een land als Zuid-Afrika is ongeveer 19% van 
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de volwassenen tussen de 15 en 49 jaar HIV-positief. Ongeveer 10 jaar geleden is 
ART in dit deel van de wereld beschikbaar geworden, wat ook hier tot verbeterde 
overleving heeft geleid. Het sterftecijfer als gevolg van HIV is duidelijk afgenomen 
en het aantal nieuwe gevallen van HIV-infecties is verminderd. In SSA is HIV nu 
ook een chronische ziekte geworden met mensen die levenslang behandeld dienen te 
worden.

Het beloop van HIV, de behandeling en complicaties bij patiënten van 
Afrikaanse afkomst kunnen verschillen ten opzichte van die bij Westerse patiënten 
om verschillende redenen. Om te beginnen spelen politieke, sociaaleconomische en 
culturele factoren een rol. De organisatie van een gezondheidszorgsysteem in een land 
wordt mede bepaald door de overheid en hangt af van de beschikbaarheid van (of het 
tekort aan) financiële en andere middelen, zoals medisch personeel, diagnostische 
middelen, medicatie, en dergelijke. Bovendien kunnen culturele kenmerken zich 
uiten in de manier van ziektepresentatie of zorgvraag. De prevalentie van traditionele 
risicofactoren zoals roken, alcohol en druggebruik, kunnen variëren voor inwoners 
van SSA vergeleken met Westerse landen. 

Vervolgens bestaan er belangrijke demografische verschillen tussen de Afrikaanse 
HIV-geïnfecteerde populatie en Westerse patiënten. In SSA is het merendeel van de 
HIV-patiënten vrouw (ongeveer 60%), in tegenstelling tot de 20% vrouwen in de 
HIV-populatie in het Westen. De mediane leeftijd van HIV-positieven in SSA is lager 
en HIV-besmetting treedt voornamelijk op via heteroseksueel contact in plaats van 
MSM-contact. Dit demografische profiel is zowel zichtbaar in landen in SSA zelf, als 
bij patiënten van Afrikaanse afkomst in Westerse landen, zoals Nederland.

Late presentatie van een HIV-infectie is nog steeds een veelvoorkomend probleem 
in SSA. Ook in Nederland is een late presentatie meer frequent onder patiënten van 
Afrikaanse versus Nederlandse afkomst. Meer gevorderde ziekte op het moment van 
diagnose verhoogt het risico op het krijgen van andere (opportunistische) infecties, 
maar zeer waarschijnlijk ook op het krijgen van non-AIDS-ziekten. Daarnaast is het 
risico op tuberculose bij Afrikaanse patiënten verhoogd en moet altijd voor ogen 
worden gehouden gedurende de behandeling van HIV.

In SSA komen andere virale HIV-(sub)types voor dan de types die uitgebreid 
bestudeerd zijn in wetenschappelijk onderzoek in Westerse patiëntengroepen. HIV-
2, aanwezig in West-Afrika, is van nature resistent tegen non-nucleoside reverse 
transcriptaseremmers (NNRTI’s), een veelgebruikte groep binnen de antivirale 
middelen. De HIV-1-subtypes O en N, die vrijwel uitsluitend worden gevonden 
bij patiënten afkomstig uit West-Centraal-Afrika, hebben eveneens verminderde 
gevoeligheid voor NNRTI’s. HIV-1-subtype C komt het meest frequent voor in 
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Zuidelijk Afrika, in tegenstelling tot subtype B, dat voornamelijk in Westerse landen 
wordt aangetroffen. Mogelijk speelt de genetische variatie van subtype C een rol bij 
de selectie en transmissie van bepaalde resistentiemutaties. Inwoners van SSA, en het 
merendeel (80%) van de Afrikaanse patiënten in Nederland zijn geïnfecteerd in hun 
land van afkomst, en daardoor geïnfecteerd met andere en mogelijk meer resistente 
virale subtypes in vergelijking met in Europa-geïnfecteerde patiënten.

Tot slot kan de genetische opmaak van mensen van Afrikaanse etniciteit variëren 
van die van Westerse patiënten en kan dit een rol spelen bij het optreden van 
lange-termijn effecten van HIV en zijn behandeling. Mogelijk speelt variatie in de 
opbouw van het immuunsysteem een rol bij de progressie van HIV en de respons 
op behandeling, of bij de vatbaarheid voor opportunistische infecties. Er zijn studies 
gedaan in het verleden, waarbij specifieke HIV-gerelateerde complicaties geassocieerd 
zijn met Afrikaanse afkomst, zoals het optreden van chronische nierziekte.

Inhoud van dit proefschrift

Het doel van dit proefschrift was om meer inzicht te krijgen in de lange-termijn 
effecten van HIV en de behandeling bij patiënten van Afrikaanse afkomst, gezien 
de bovengenoemde verschillen van deze populatie in vergelijking met de uitgebreid 
bestudeerde Westerse HIV-patiënten. Het onderzoek werd onderverdeeld in twee 
delen. 

In deel 1 hebben we gekeken naar de rol van Afrikaanse afkomst bij het optreden 
van HIV-gerelateerde complicaties in een Westerse omgeving. We hebben twee studies 
(hoofdstuk 2 en 3) uitgevoerd in het AIDS-Therapy Evaluation in the Netherlands 
(ATHENA) cohort van de Stichting HIV Monitoring (SHM), waarin sinds 2002 
gegevens van de Nederlandse HIV-geïnfecteerde patiënten uit één van de 27 HIV-
behandelcentra worden verzameld.

Hoofdstuk 2 beschrijft de resultaten van een studie naar het vóórkomen van 
Pneumocystis jirovecii-pneumonie (PJP). Deze longontsteking, veroorzaakt door 
een schimmelinfectie, wordt gezien bij mensen met een verminderde afweer. Het 
is een bekende complicatie bij patiënten met een gevorderde HIV-infectie, van 
wie het immuunsysteem fors verslechterd is. In Westerse landen blijft deze ziekte 
een van de meest voorkomende longinfecties bij HIV-patiënten, ondanks afname 
van de incidentie sinds de invoering van ART. Daarentegen waren de gemelde 
prevalentiecijfers in landen in Sub-Sahara Afrika met name in de beginjaren van 
de HIV-epidemie beduidend lager. Eveneens zijn in studies in Westerse landen 
aanwijzingen dat patiënten van Afrikaanse afkomst een lager risico zouden hebben 
op PJP, hoewel de literatuur niet eenduidig is. In hoofdstuk 2 hebben we onderzoek 
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gedaan naar deze complicatie onder alle patiënten in Nederland gediagnosticeerd met 
HIV tussen 1996 en 2011. Uit de analyses van meer dan dertien duizend patiënten 
bleek dat afkomst uit SSA geassocieerd was met een beduidend lager risico op het 
hebben van PJP op het moment van HIV diagnose in vergelijking met Westerse 
patiënten, ondanks een slechtere afweer. Daarnaast hadden deze mensen een kleinere 
kans om later tijdens het beloop van de HIV-infectie alsnog een PJP te ontwikkelen 
ten opzichte van de Westerse patiëntengroep. De oorzaak van etnische verschillen in 
het vóórkomen van PJP bij HIV-patiënten is niet volledig duidelijk. Er is geopperd 
dat geografische variatie van Pneumocystis-stammen een rol zou spelen. Dat lijkt hier 
echter niet de enige verklaring te zijn, aangezien in onze studie alle patiënten zich 
in Nederland bevonden op het moment van PJP en er wordt aangenomen dat een 
longontsteking een gevolg is van een recente infectie met een Pneumocystis-stam uit 
de omgeving. Daarentegen is het meer waarschijnlijk dat specifieke eigenschappen 
van de gastheer een rol spelen, zoals genetische variabiliteit. Aanvullend onderzoek 
is noodzakelijk om te achterhalen welke genetische mutaties bij Afrikaanse patiënten 
van invloed zouden kunnen zijn op het lagere risico.

In hoofdstuk 3 wordt een studie besproken naar de rol van etniciteit bij het 
optreden van chronische nierziekte bij patiënten met HIV in Nederland. In de 
beginjaren van de HIV-epidemie was HIVAN (HIV-geassocieerde nefropathie) 
een ernstige nierziekte, die met name werd gezien in individuen van Afrikaanse 
afkomst met een vergevorderde HIV-infectie. HIVAN wordt gekenmerkt door 
verbindweefseling in de nier (glomerulosclerose) met eiwitverlies in de urine en een 
snelle progressie naar eindstadium nierfalen. Er zijn genetische varianties ontdekt bij 
Afrikaanse patiënten die de kans op ontwikkeling van glomerulosclerose verhogen 
bij een HIV-infectie. Sinds de introductie van ART is de incidentie van HIVAN 
fors afgenomen en spelen andere oorzaken van chronische nierziekte bij HIV een 
grotere rol, zoals versnelde veroudering, toegenomen atherosclerose en bijwerkingen 
van de antivirale medicatie. In ons onderzoek hebben we gekeken of Afrikaanse 
afkomst een rol speelt bij het optreden van chronische nierziekte in de huidige tijd, in 
tegenstelling tot in de beginjaren van de HIV-epidemie. In deze studie werden meer 
dan zestienduizend patiënten meegenomen die vanaf 2007 in het ATHENA cohort 
waren geïncludeerd. Het bleek dat mensen van Sub-Sahara-Afrikaanse afkomst nog 
steeds een verhoogd risico hebben op chronische nierziekte op het moment van 
start van de studie, waarschijnlijk veroorzaakt door de eerder genoemde genetische 
predispositie. In de analyses onder patiënten met een goede nierfunctie bij aanvang 
bleek echter dat Afrikaanse patiënten niet meer een grotere kans hebben op het ‘nieuw’ 
ontwikkelen van nierproblemen ten opzichte van Westerse patiënten. Waarschijnlijk 
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is hier genetische variantie minder van belang en spelen in deze tijd dus andere 
factoren een belangrijkere rol bij het ontstaan van nierziekte, zoals de cardiovasculaire 
risicofactoren hoge bloeddruk, suikerziekte en roken.

Het tweede deel van dit proefschrift gaat over onderzoek dat is uitgevoerd in Ndlovu 
Medical Centre (Ndlovu MC). Deze kliniek ligt in Elandsdoorn, een township in 
een ruraal gebied in Limpopo, een provincie in het noordoosten van Zuid-Afrika. De 
HIV prevalentie onder vrouwen van reproductieve leeftijd in deze provincie in 2012 
was 22,3%. Ndlovu MC, onderdeel van Ndlovu Care Group (www.ndlovucaregroup.
co.za), verleent eerstelijns gezondheidszorg en daarnaast een HIV- en tuberculose-
programma. Sinds 2003 is er gestart met HIV-diagnostiek en behandeling met ART, 
wat wordt bekostigd door de overheid. In de kliniek, die zorg levert aan een populatie 
van 120.000-140.000 inwoners, zijn ongeveer 3600 HIV-geïnfecteerde patiënten 
onder behandeling. 

Patiënten worden behandeld volgens de nationaal geldende Zuid-Afrikaanse 
richtlijn met standaard eerste keus combinatietherapie (2 middelen uit de groep van 
nucleoside reverse-transcriptase inhibitors (NRTI’s) en 1 middel uit de groep van 
NNRTI’s). In het geval van therapiefalen op deze eerstelijns-therapie is het mogelijk 
om over te gaan op tweedelijns-therapie, waarbij in ieder geval één van de drie 
gebruikte antivirale middelen (over het algemeen de NNRTI) wordt vervangen door 
een medicament uit een andere groep geneesmiddelen (de protease remmers (PI’s)). 
Studies in het verleden hebben laten zien dat de initiële respons op eerstelijns-therapie 
in ruraal Zuid-Afrika over het algemeen goed is. Desondanks is er een substantieel 
deel van de mensen dat in een later stadium toch therapiefalen toont, wat zou kunnen 
leiden tot de ontwikkeling van resistentiemutaties van het infecterende virus. Zulke 
mutaties kunnen de effectiviteit van tweedelijns- of volgende therapieën negatief 
beïnvloeden. In tegenstelling tot in Westerse landen is in Zuid-Afrika de tweede 
lijn dikwijls ook direct de laatstelijns-therapie, en bij falen hiervan zijn er over het 
algemeen geen behandelopties meer. Derhalve is het belangrijk om de werking van 
tweedelijns-behandelregimes te evalueren.

In hoofdstuk 4 hebben we in Ndlovu MC gekeken naar de virologische, 
immunologische en klinische effectiviteit van tweedelijns-, PI-bevattende ART. Alle 
patiënten die meer dan 12 maanden voor aanvang van de studie met een dergelijk 
regime waren gestart in de kliniek, werden geïncludeerd. Een goede uitkomst werd 
gezien bij zowel volwassenen als kinderen. Meer dan 70% van de patiënten liet 
een adequate virologische uitkomst zien na 12 maanden behandeling (het aantal 
virusdeeltjes <400 kopieën/ml), en bij de ruime meerderheid (>60%) was zelfs sprake 
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van volledige onderdrukking van het virus in het bloed met een niet-meetbare virale 
lading. Deze resultaten waren ook na 24 maanden nog zichtbaar. Echter bij een deel 
van de patiënten bleef het virus aanwezig in het bloed, wat een risico kan zijn voor 
het ontwikkelen van virusresistentie en aanleiding kan geven tot therapiefalen in de 
toekomst. Het is dan ook van belang om de virale lading regelmatig te evalueren bij 
patiënten onder behandeling, en om bij therapiefalen na te gaan of er sprake is van 
resistentievorming.

Zoals eerder beschreven, hebben patiënten met HIV een verhoogd risico op het 
ontwikkelen van cardiovasculaire ziekten, die zich vaker zullen manifesteren nu de 
ziekte is veranderd in een chronische ziekte met mensen op levenslange therapie. 
Om meer inzicht te krijgen over het cardiovasculaire risico in de HIV-geïnfecteerde 
populatie in ruraal Zuid-Afrika, hebben we een studie opgezet in Ndlovu MC waarin we 
hebben onderzocht hoe vaak zulke risicofactoren vóórkomen in deze patiëntengroep, 
en bij hoeveel van deze mensen reeds sprake is van nierziekte en atherosclerose. Meer 
dan 900 HIV-positieve mensen werden gescreend in de studie, door middel van het 
afnemen van vragenlijsten, lichamelijk onderzoek, bloed- en urineonderzoek, en 
echografisch onderzoek van de slagaders in de hals om de vaatwanddikte te meten.

Hoofdstuk 5 beschrijft de analyses naar de prevalentie van verminderde 
nierfunctie, de aanwezigheid van eiwit in de urine door nierschade (albuminurie) 
en welke risicofactoren hiermee geassocieerd zijn. Nierziekte en hart- en vaatziekten 
zijn onderling gerelateerd in een vicieuze cirkel; cardiovasculaire ziekte veroorzaakt 
nierschade, en andersom verhoogt nierschade het cardiovasculaire risico. Albuminurie 
kan een uiting zijn van beide problemen. Er is aangetoond dat HIV-geïnfecteerde 
patiënten met albuminurie een verhoogd risico hebben op het ontwikkelen van 
chronische nierziekte in vergelijking met patiënten zonder albuminurie, en daarnaast 
is het geassocieerd met cardiovasculaire ziekte en overlijden. Uit de studie bleek dat 
2% van de geïncludeerde patiënten een verminderde nierfunctie had (gedefinieerd als 
een verminderde geschatte renale klaring <60 ml/min/1,73m2) en bij maar liefst 21% 
was sprake van albuminurie (gedefinieerd als een urine-albumine-creatinine-ratio >30 
mg/g). Uit de analyses bleek dat het risico op het hebben van albuminurie verhoogd 
was bij mensen met verminderde nierfunctie, en bij aanwezigheid van verhoogde 
bloeddruk en verhoogd cholesterolgehalte. Ook werd er vaker albuminurie gezien bij 
de ART-behandelde patiënten met een meetbare virale lading in het bloed.

Het is belangrijk om op te merken dat een substantieel deel van de patiënten met 
hoge bloeddruk of suikerziekte niet of onvoldoende werd behandeld, en dat geen 
van de mensen met een verhoogd cholesterolgehalte cholesterolverlagende medicatie 
kreeg. Dit laat zien dat momenteel het gezondheidszorgsysteem in een setting als deze 
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nauwelijks gericht is op de screening en behandeling van cardiovasculaire en metabole 
ziekten en het maakt geen deel uit van de routine controle van HIV-patiënten. 

Bij de studiepopulatie is ook gekeken naar de vaatwanddikte van de halsslagaderen 
met behulp van echografie: de CIMT-waarde (‘carotid intima media thickness’). 
In uitgebreid onderzoek in het verleden is aangetoond dat deze maat geassocieerd 
is met het risico op het krijgen van een herseninfarct en hartinfarct en een goede 
surrogaatmaat is voor toekomstig risico op cardiovasculaire ziekte en sterfte. Zowel 
een HIV-infectie als Afrikaanse afkomst zijn gerelateerd aan atherosclerose, gemeten 
als verdikte CIMT. In hoofdstuk 6 wordt beschreven dat de CIMT-waardes in 
de HIV-geïnfecteerde studiepopulatie in ruraal Zuid-Afrika hoog zijn, als deze 
worden vergeleken met gezonde Westerse referentiegroepen. Twaalf procent van 
de studiegroep had aanwijzingen voor de aanwezigheid van atherosclerose, bij een 
mediane leeftijd van slechts 52 jaar. Naast de bekende associatie met leeftijd en 
geslacht (dikkere vaatwanden bij mannen), was de aanwezigheid van verhoogde CIMT 
eveneens gerelateerd aan traditionele cardiovasculaire risicofactoren, waaronder hoge 
bloeddruk, overgewicht, suikerziekte, en verhoogd cholesterol. Daarentegen bleek dat 
HIV-gerelateerde factoren zoals duur van de HIV-infectie, wel of geen behandeling 
met ART, immuunstatus en virale lading in het bloed, niet gerelateerd waren aan 
atherosclerose. Met andere woorden, het risico op hart- en vaatziekten wordt bij 
deze patiënten voornamelijk bepaald door de bekende risicofactoren, die ook bij 
HIV-negatieve mensen worden gevonden, en niet zozeer door de HIV-infectie of de 
behandeling daarvan.

Tot slot bevat hoofdstuk 7 een algemene discussie, waarin aspecten worden besproken 
die van belang zijn voor de behandeling van HIV bij patiënten van Afrikaanse 
afkomst in de huidige tijd. Eveneens wordt daar dieper ingegaan op de opkomst van 
HIV-gerelateerde non-AIDS-ziekten (de ‘niet-overdraagbare’ aandoeningen) in SSA, 
waaronder hart- en vaatziekten, bepaalde soorten kanker en neurologische ziekten. 
In tegenstelling tot in Westerse landen, is de HIV-zorg aldaar nog nauwelijks gericht 
op preventie, screening en behandeling van dergelijke aandoeningen, terwijl deze in 
de komende tijd alleen nog maar meer zullen toenemen gezien het groeiende aantal 
HIV-geïnfecteerden op levenslange therapie. Dit probleem wordt uiteengezet en er 
wordt beschreven hoe de chronische HIV-zorg in SSA zich meer in bredere zin zou 
kunnen ontwikkelen, met oog voor alle gezondheidsaspecten die bij een langdurige 
HIV-infectie aan bod komen.
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Conclusie

In de afgelopen jaren is HIV veranderd in een chronische ziekte; het merendeel van de 
patiënten kan levenslang behandeld worden met goed resultaat. Nieuwe problemen 
van een chronische HIV-infectie zijn aan het licht gekomen. Het beloop van HIV 
kan anders zijn bij mensen van Afrikaanse afkomst in vergelijking met Westerse 
patiënten. Genetische factoren spelen mogelijk een rol, zoals bij het vóórkomen van 
opportunistische infecties en chronische nierziekte. Inzicht in effecten van genetische 
opmaak van mensen met de Afrikaanse etniciteit kan bijdragen aan verbeterde HIV 
zorg.

Gelukkig lijkt het zo te zijn dat HIV-behandeling in SSA resulteert in goede 
lange-termijn klinische en virologische uitkomsten. Het is daarnaast zeker van 
belang om de effectiviteit van ART te vervolgen. Ook in deze landen zijn nieuwe 
problemen in opkomst. Non-AIDS-ziekten vormen een grote bedreiging voor 
mensen met HIV in SSA. Traditionele, leefstijl-gerelateerde risicofactoren komen 
veel voor en zijn geassocieerd met het vóórkomen van atherosclerose. Preventie en 
behandeling van hart- en vaatziekten is echter niet een vast onderdeel van de huidige 
gezondheidszorgsystemen in deze setting; hier is dus nog duidelijk ruimte voor 
verbetering.
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Het werk aan dit onderzoek en proefschrift heeft mij in de afgelopen jaren veel 
gebracht. Ik heb een hoop dingen geleerd. Behoudens het vergroten van mijn 
wetenschappelijke kennis en vaardigheden, kende het onderzoek-doen ook veel 
organisatorische en communicatieve uitdagingen. Bovendien heb ik de kans 
gekregen om een prachtig, ingewikkeld en fascinerend land te ontdekken, wat een 
grote verrijking is geweest. Het was een leerzaam traject en ik ben blij en trots dat 
het uiteindelijk heeft geresulteerd in dit proefschrift. Er zijn een heleboel mensen 
die ik wil noemen in dit dankwoord, zowel vanwege hun inhoudelijke bijdrage aan 
het onderzoek en de belangstelling in de totstandkoming van het geheel, maar ook 
vanwege hun aanwezigheid en communicatie in het dagelijkse leven naast mijn werk, 
waardoor ik telkens (meestal) met plezier en (soms, als het nodig was) vol goede moed 
de avonturen heb kunnen ondernemen.

Om te beginnen gaat mijn dank uit naar alle mensen met HIV in Zuid-Afrika en in 
Nederland die mee hebben gedaan aan de onderzoeken. Zonder hun medewerking 
zou dit boekje niet hebben bestaan en voor deze mensen is het allemaal bedoeld.

Mijn promotor Prof. Dr. A.I.M. Hoepelman, beste Andy: Heel veel dank voor jouw 
begeleiding tijdens het traject. Je zag dat het onderwerp bij mij past en je gaf me de 
ruimte om op avontuur te gaan en erachter te komen dat ik zelfstandig heel veel 
kan bereiken. Je hebt me de kans geboden me te ontwikkelen op dit gebied en te 
ontdekken dat ik hier blij van word. Bedankt dat je altijd achter me stond. Je hield 
het overzicht en stelde de goede vragen op de momenten dat ik dreigde te verzanden 
in ingewikkelde statistische analyses en andere details. Ik heb bewondering voor je 
positiviteit en enthousiasme.

Mijn copromotor dr. R.E. Barth, beste Roos: Wat fijn dat jij mijn copromotor was. 
Ik ben erg blij dat ik de kans heb gekregen om ‘the new Roos’ te worden en dat 
ik deel mocht uitmaken van jouw Zuid-Afrikaanse project. In de loop der jaren is 
duidelijk geworden dat het fijn is om deze overeenkomstige interesse te kunnen delen. 
Je wist als geen ander hoe het was om daar te zijn, welke hindernissen overwonnen 
moesten worden, maar ook hoe heerlijk het is om daar te genieten van de prachtige 
Afrikaanse luchten. Ik heb geleerd van je inhoudelijke en methodologische kennis, 
je logische manier van denken en handelwijze. Je no-nonsense aanpak en heldere 
inzichten hielden me op koers, daar waar ik wel eens het overzicht dreigde te verliezen 
of gekweld werd door twijfels over van alles en nog wat. Ik bewonder je optimisme 
en de manier waarop je zoveel verschillende projecten in je werk en leven steeds maar 
weer aanpakt.
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Leden van de beoordelingscommissie, Prof. Dr. Rick Grobbee, Prof. Dr. Roel 
Coutinho, Prof. Dr. Peter Reiss, Prof. Dr. Marianne Verhaar, Prof. Dr. Frank Visseren: 
Allen hartelijk bedankt voor het lezen en beoordelen van mijn manuscript. Eveneens 
dank aan een aantal van jullie voor de prettige samenwerking tot nu toe en jullie 
bijdrage aan mijn studies en artikelen. Ik hoop in de toekomst nog vaker met jullie 
te mogen werken.

Hugo Tempelman, “Arts in Afrika”: Zeer bedankt voor de ontvangst en de mogelijkheid 
om een deel van mijn studies in Elandsdoorn en Groblersdal te kunnen uitvoeren 
samen met jou en je fijne team. Ik heb erg veel respect en bewondering voor alles 
wat je hebt bereikt met Ndlovu Care Group voor de mensen daar. Je ontstuitbare 
persoonlijkheid en je instelling (“Niets is onmogelijk”) zijn inspirerend. Ik heb 
genoten van de open gesprekken over je visie op de dingen, waarin ruimte was voor 
wederzijdse uitwisseling van gedachten en kritiek. Het was leerzaam en bovendien 
gezellig met veel humor. Dank!

I would like to thank the staff and all the people working at Ndlovu Care Group and 
Ndlovu Medical Centre, with special thanks to Peter Schrooders, Robert Moraba, 
Mariette Slabbert, Jalien van der Westhuizen, Henry Marnitz: thank you very much 
for your help and assistance with my research projects in the past few years. I could 
not have performed any of the work without your help in organizing the practical 
things around it. Furthermore, everyone made me feel welcome each time I returned 
and I enjoyed the laughter, the jokes and the conversations we had. I have endless 
respect for all the people working at Ndlovu and the things you do for the people in 
Elandsdoorn.

Eric de Groot wil ik heel hartelijk bedanken voor zijn hulp bij het opzetten en 
uitvoeren van de CIMT-studie in Elandsdoorn. Ik moest helemaal vooraan beginnen 
(“Hoe zet je een echo-apparaat aan?”), maar jouw vrolijke positiviteit, geduld en 
uitleg over CIMT-metingen voor dummy’s hebben gemaakt dat we de studie tot 
een mooi eind hebben kunnen brengen. Ook dank aan Will Hanselaar voor de hulp 
bij de opzet van het echo-apparaat. Lidewij de Bont, Laura Breukel en Emerens 
Wensink: Alle drie enorm bedankt voor jullie inzet bij de CIMT-studie. Jullie zijn in 
staat geweest je in korte tijd de echotechnieken eigen te maken, en jullie hebben de 
patiënten geïncludeerd. Allen heel veel succes met het vervolg van jullie opleidingen. 
Emerens, bedankt voor het mooie artikel dat we samen hebben geschreven en welkom 
als collega!



Dankwoord

166

Veel dank aan allen die geholpen hebben bij het tot stand komen van mijn artikelen. 
Steven van Lelyveld: Je was de initiator van de PJP-studie en je hebt geholpen bij de 
aanvang van het stuk over de nierinsufficiëntie in het ATHENA cohort. Erg bedankt 
voor je geduld en je positiviteit, wat vooral in het begin van mijn onderzoekstraject 
telkens weer bemoedigend was. Prof. Dr. Mihai Netea en Prof. Dr. Frank de Wolf 
wil ik bedanken voor hun input in het stuk over PJP in het ATHENA cohort. Liffert 
Vogt en Maarten Rookmaaker, beide bedankt voor jullie nefrologische bijdrage aan 
de stukken over nierinsufficiëntie en albuminurie. Anne Wensing heeft me geholpen 
met het artikel over de tweedelijns therapie in Zuid-Afrika; je ervaring met virologie 
in Zuid-Afrika waren van grote toegevoegde waarde en je hebt me geholpen om de 
studie en het artikel helderder te krijgen, waarvoor dank. Sibyl Geelen: Bedankt voor 
je pediatrische input.

De analyses in het ATHENA cohort heb ik uitgevoerd in samenwerking met de 
Stichting HIV Monitoring. Luuk Gras en Colette Smit: beide heel hartelijk bedankt 
voor jullie hulp bij de dataverzameling en daarnaast voor het geduld dat jullie hebben 
opgebracht bij mijn aanhoudende vragen over aanvullende gegevens, statistische 
analyses en aanverwante zaken. Ik vond het erg leuk met jullie samen te werken en 
heb er veel van geleerd!

Sue Aitken: Thanks very much for editing one of my papers. You know my Dunglish 
is very good, but I know that proper English is better for publication. Besides, thanks 
a lot for the good times during my latest stay in Groblersdal, it was nice working 
together with you.

Dan waren er de mede-onderzoekers van de infectieziekten. Maaike, Charlotte, 
Alinda, ik wil jullie bedanken voor de gezelligheid en het kunnen bespreken van de 
onderzoeksperikelen die toch steeds maar weer de kop op komen steken. Charlotte, 
zet ‘m op met al dat hersenonderzoek van je, hopelijk ook met goed resultaat in Zuid-
Afrika. Alinda, ik wens je veel succes met het vervolg van je projecten, en verdere 
activiteiten in het zuiden. Ik ben zeer benieuwd naar het vervolg en kijk uit naar 
verdere samenwerking. Lieve Maaike: We zijn rond dezelfde tijd begonnen en rond 
dezelfde tijd klaar. Onze schrijfweek, inclusief vloerverwarming, vond ik toch wel een 
van de toppers in het traject, en ik heb genoten van de reflectieve gesprekken over 
belangrijke en onbelangrijke zaken gedurende de afgelopen jaren.

De kamergenoten in Q: Bianca, Marjolijn, Nick, Rachel, Wendela… Het was gezellig!

Mijn collega-AIOS van de infectieziekten, en dat zijn er een hoop, Dirk, Yoav, Jeroen, 
Bram, Jacob, Eefje, Elske, Esther, Heidi, Marieke van Z, Linda, Soeradj, Anke, 



Acknowledgements 

167

Marieke de R: Bedankt voor de samenwerking en het plezier, op de zaak tijdens de 
consulten, maar ook op de congressen en symposia. De infectiologen in het UMCU, 
Jan Jelrik, Joop, Esther, Marjan, Tania, Pauline, Margriet, Jacobien, Edgar, Christian: 
Ik waardeer jullie bijdrage aan mijn klinische opleiding en de belangstelling voor 
mijn onderzoekswerk door de jaren heen. Ook dank aan de microbiologen en AIOS 
microbiologie in het UMCU.

De opleiders en overige stafleden van de interne geneeskunde in het UMCU: Ik ben 
jullie erkentelijk voor de opleiding, de kans om mezelf te ontwikkelen, en voor het 
luisterend oor waar nodig. Hetzelfde geldt voor de collega-AIOS interne geneeskunde 
in het UMCU en de internisten en arts-assistenten interne geneeskunde in Apeldoorn.

Jeannette en Margie, de lieve dames van de infectieziekten-poli, de HIV-consulenten: 
Jullie allen heel erg bedankt voor de ondersteuning bij de logistiek en de klinische 
opleiding; voor jullie hulp, adviezen en vooral ook de gezelligheid.

En dan de mensen om me heen uit het leven naast mijn werk, die alle hebben 
bijgedragen aan mijn levensplezier gedurende deze onderzoekstijd door hun 
betrokkenheid, afleiding, fijne en goede gesprekken en activiteiten…..

Al mijn lieve vrienden, waaronder: Mirjam en Helena, in wisselende mate op de 
voorgrond in het dagelijkse leven of juist wat verder weg, maar altijd daar. Niels, ik 
heb genoten van de heerlijke en vooral gezellige etentjes in de Brink. Bram, bedankt 
voor je vriendschap en ik waardeer je volhardendheid in de fantastische popquizzen, 
hoewel we de top 5 tot nu toe nog niet hebben gehaald. Barry, Stas en George, 
mijn huismakkers uit Nijmegen, alle vier onze eigen kant op gegaan ondanks onze 
gemeenschappelijke dartkwaliteiten, maar we weten elkaar altijd weer te vinden. 
Angela, een hele fijne vriendschap uit het niets ontstaan in het diepe zuiden, ik ben blij 
dat ik je daar heb ontmoet! Anke en Cor, ook jullie ben ik daarginder tegengekomen 
en erg leuk dat de vriendschap is blijven bestaan, inclusief het bijwonen van een 
huwelijk in Johannesburg.

The people from my homes in South Africa. The Moraba’s: Thanks very much for 
having me stay in your house, even in times when things did not go that well for you. 
Still, there was always a chance for laughter and I felt very welcome; I hope to see you 
again soon! And then the sweetest people in South Africa, dearest Renée, Jan, Marissa, 
De Wet, Cecile: Thank you very much for always making me feel welcome and at 
home in your house, and for making me feel part of the family. I could always be just 
me, which was very important to me in a strange and foreign country. Hopefully there 
will be many more visits still to come!



Dankwoord

168

Lieve Inge, mijn beste vriendin: Wat fijn dat jij er bent. Ik ben blij dat jij naast mij 
staat tijdens de afsluiting van dit traject. We hebben al zoveel lief en leed gedeeld 
door de jaren heen. Ik geniet enorm van onze eindeloze verhandelingen over 
belangrijke en onbelangrijke zaken, van diepgaande filosofische uiteenzettingen tot 
aan oppervlakkige onzin. Het wordt nu zo’n beetje tijd dat we gaan beginnen aan 
ons gezamenlijke artikel; we kunnen intussen al hele boeken vol schrijven. Ik heb 
veel bewondering voor hoe je de moeilijke zaken des levens aangaat, met je mateloze, 
oneindige talent voor reflectie, zelfspot en humor. En ik geniet van de verhalen over 
jouw fantastische kinderen en lieve man. Heel erg bedankt voor het er ‘gewoon’ zijn, 
je altijd luisterend oor en je kritische en analytische blik. 

Lieve Thijs, mijn broer: Ook bij jou mocht ik paranimf zijn en ook jij wil naast mij 
staan bij de verdediging van dit proefschrift. Je bent één van de slimste personen die ik 
ken en ik moet altijd erg met en om je lachen; zoals tijdens de vakantie in Toscane waar 
we weer macaroni met tonijn zaten te koken op een nauwelijks-brandend brandertje 
voor de tent, of in Rome op het plein voor het Pantheon. Ik ben heel blij dat jij naast 
me wil staan in die enge zaal.

Familie Meeuwissen: Lieve Ton en Dinie, Suzanne, Diede, Nomi, Sander en Sanne. 
Bedankt voor jullie niet-aflatende belangstelling voor mijn onderzoek en andere 
bezigheden, en de vanzelfsprekendheid waarmee ik deel mag uitmaken van jullie 
gezin.

Lieve oma, het is al de zoveelste promotie die je bijwoont; ik ben heel erg blij dat 
je hier bij kan zijn. Ik geniet altijd erg van onze gesprekken en vind jou de meest 
fantastische oma die er kan zijn.

Loes en Ronald, mijn fijne Utrechtse vrienden. Loes, ik vergeet nooit de diasessie 
van jouw indrukwekkende reis dwars door het Afrikaanse continent. Het voornemen 
om ooit naar het zuiden te vertrekken is toen ontstaan en heb ik jaren later kunnen 
uitvoeren; en nog vele malen opnieuw beleefd. Ook vind ik het heel bijzonder dat 
ik jullie daar herhaaldelijk heb mogen treffen en dat we samen zoveel moois hebben 
bekeken. Het is dan ook een grote eer voor me dat jullie de mooie en precies passende 
omslag van mijn proefschrift hebben ontworpen.

Joop en Tineke, bedankt voor jullie belangstelling voor mijn werk, op de familiedagen 
in Tilburg of Wittelte. Uiteraard ook veel dank voor de mogelijkheid om een paar 
schrijfweken bij jullie te kunnen doorbrengen met een positief resultaat!

Lieve, lieve zussen: Mayk, San, Raf en Tes; jullie mannen Henry, Morten, Paul, 
Marnix en de enige schoonzus Mayke; en natuurlijk niet te vergeten alle kabouters. 



Acknowledgements 

169

Heel erg bedankt voor jullie continue belangstelling in mijn werk en onderzoek, jullie 
gezelligheid, grappen, Schoffeldagen, fijne jeugdherinneringen en al het andere. Jullie 
zijn er altijd als het nodig is. Wat zou ik zijn zonder jullie, en wat ben ik enorm blij 
dat ik deel mag uitmaken van de club.

Lieve, lieve papa en mama: Heel erg bedankt voor jullie eindeloze steun. Jullie hebben 
me mijn eigen weg laten zoeken en me daarheen laten gaan, waar het toch best eng 
en onbekend was. Door jullie vertrouwen in mij, kon ik ook het vertrouwen hebben 
om dit spannende en mooie avontuur aan te gaan, waarvan ik heb genoten en wat me 
zoveel heeft opgeleverd. Ik heb veel respect en bewondering voor hoe jullie dit mooie 
gezin hebben gevormd. Ik ben heel blij met jullie en ik ben trots op onze familie.

En tot slot, mijn allerliefste. Lieve Michiel, ik ben zo blij met jou! Je laat me helemaal 
mijn gang gaan. Dankjewel voor je luisterend oor, je belangstelling voor al die rare 
medische zaken en de psychologie van de onderzoekswereld, je begrip voor de stress 
in de afronding van het proefschrift en het nieuwe wat gaat beginnen. Bij jou ben ik 
mezelf, jij begrijpt me, en bij jou is het goed.





10th

Annelot F. Schoffelen

Curriculum vitae





Curriculum vitae

173

Annelot Schoffelen was born on June 12th, 1980, in Heerlen. She graduated from 
secondary school (Theresialyceum in Tilburg) in 1997, after which she started 
studying biology at the Radboud University in Nijmegen. The year after, she switched 
to studying medicine at the same university. In 2002, she performed a scientific 
internship at the department of Clinical Pharmacology in St. Mary’s Hospital, 
London, under supervision of Prof. dr. A.D. Hughes, Prof. dr. P. Smits and dr. P. 
Pickkers. In 2004 she went to the African continent for the first time for a 3-month 
internship Low Income Countries in Sengerema Designated District Hospital, 
Tanzania, supervised by dr. M. Keuter from the Nijmegen Institute for International 
Health (NIIH). After obtaining her medical degree in 2005, she started working as 
a medical doctor at the Department of Clinical Geriatrics at UMC St. Radboud. 
Later that year, she continued working at the Department of Internal Medicine at 
Gelre Ziekenhuizen, locatie Apeldoorn. She was accepted for a residency in internal 
medicine in 2006, of which she performed the first two years in the same hospital in 
Apeldoorn, under supervision of dr. J.M. Smit and dr. C.G. Schaar. Subsequently she 
continued her training in internal medicine at the University Medical Center Utrecht 
(supervisors Prof. dr. E. van der Wall, Prof. dr. D.H. Biesma and Prof. dr. M.M.E. 
Schneider). In 2010 she started a fellowship in infectious diseases under supervision 
of Prof. dr. A.I.M. Hoepelman. She got interested in doing research aimed at HIV 
in sub-Saharan Africa, and she got the opportunity to start a PhD project at the 
Department of Infectious Diseases at the UMC Utrecht in October 2011. During 
the following two years, she went several times to South Africa to perform research 
projects at Ndlovu Medical Centre (founded by Hugo and Liesje Tempelman), in 
a rural area in Limpopo province. She finished her clinical residency from October 
2013 until May 2014, when she was registered as a specialist. In August 2014, she 
returned to South Africa for three months to work as a project coordinator for the 
Ndlovu Research Consortium, under supervision of Prof. dr. R.A. Coutinho. She 
assisted in setting up the Ndlovu Cohort Study, a prospective study determining the 
interaction between HIV and chronic conditions. In March 2015 she started working 
as an internal medicine and infectious diseases specialist in the Centraal Militair 
Hospitaal in Utrecht.


