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AIDS Acquired immune deficiency syndrome IR Immunological responder 

CI Confidence intervals IQR Interquartile range 

CRS The Danish Civil Registration System IRIS Immune restitution inflammatory syndrome 

CSF Cerebrospinal fluid JCV JC virus 

CT Computed tomography MRI magnetic resonance imaging 

DHCS The Danish HIV Cohort Study MRR Mortality rate ratios 

HAART Highly active antiretroviral treatment OVR Outpatient visit rates 

HIV Human immunodeficiency virus PCR polymerase chain reaction 

IAR Inpatient admission rates  PhD Philosophiae doctor 

ICD-8 International Classification of Diseases 
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th 
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PML Progressive multifocal 

leucoencephalopathy 

ICD-10 International Classification of Diseases 
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th 
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PYRS Person years of observation 

IDU intravenous drug use RR Relative risk 
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1. Introduction 

Now, more than 30 years into the epidemic there are approximately 33.3 million HIV infected 

worldwide with the majority of infected living in Africa (1). Since 1999, the year in which it is 

thought that the epidemic peaked, the global number of new infections in 2009 has fallen by 19% 

due to prevention strategies and increasing availability of HAART. The epidemic has now been 

halted and reversed in many countries. In spite of these advances an estimated 10 million people, 

who are eligible for treatment under the new World Health Organization guidelines, are still in 

need of treatment and HIV is in the top five causes of death in more than 30 countries.  

In Western and Central Europe approximately 820,000 adults and children are living with HIV (1). 

The introduction of HAART, which in most countries is free of charge, has decreased HIV related 

morbidity and mortality in HIV patients due to immunological recovery following viral load 

suppression (2;3). Initially after the introduction of HAART the main concerns were continued viral 

suppression and viral resistance but with growing experience in treating HIV patients and an 

increasingly wider range of drugs, well treated HIV infected patients now have an overall life 

expectancy close to non-HIV infected individuals (4-6). The main challenges are now drug toxicity 

and non-HIV related morbidity associated with behavioral risk factors like cigarette smoking (7).  

This thesis revolves around the effects of HAART on the Danish HIV infected population. Mainly 

three aspects which will be investigated; PML in HIV patients, HIV patients use of health care 

facilities and mortality in successfully treated HIV patients with low CD4 cell count. The 

backgrounds of the three studies included in this thesis will be presented separately. 
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2. Objectives 

We aimed to test the following hypotheses in this PhD:  

1. The incidence and mortality of PML in Danish HIV infected patients have improved 

after the introduction of HAART. 

2.1 The use of health care facilities has decreased after the introduction of HAART 

among Danish HIV patients. 

2.2 Danish HIV patients still have an increased use of health care facilities compared 

to that of Danish non-HIV infected individuals.  

3. Danish HIV patients with low CD4 cell counts who are successfully treated with 

HAART for more than three years with an insufficient immunologic response have an 

increased mortality compared to those with an adequate CD4 cell response. 
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3. Background  

3.1. Background for Study 1 

PML is a rare but frequently fatal disease of the central nervous system caused by JC virus, a 

polyomavirus. It occurs almost exclusively in patients with profound cellular immunodeficiency 

and in spite of an increasing incidence in patients receiving treatment with monoclonal antibodies 

HIV infection is still the single most predisposing disorder for PML (8;9). Data from early after the 

introduction of HAART have described less dramatic improvements for PML than for other 

opportunistic infections (2;10;11). The clinical presentation of PML varies according to the 

localization of the disease, and the initial symptoms may be misdiagnosed as other HIV- or non–

HIV-related cerebral lesions. To improve the initial diagnostic strategy, it is important to know the 

major presenting symptoms of PML. There is no known causal effective treatment of the disease. 

Mainstay of treatment is symptomatic and immune recovery through treatment of the HIV 

infection (12;13).  

3.2. Background for Study 2 

The decreased morbidity and mortality in the HIV infected population should transform into a 

decreased use of health care resources. However, the increased age of the HIV patients and the 

higher numbers of patients being alive and managed at HIV clinics may have lead to changes in 

hospitalization patterns and an increased use of health care recourses. Changes in hospitalization 

have been described in regional settings but to our knowledge no nationwide studies have been 

reported (14;15). Information regarding changes in the use of health care recourses among HIV 
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infected patients is important for clinicians and health care planners in order to make budgets and 

allocate resources. 

3.3. Background for Study 3 

Shortly after the primary HIV infection a steady decrease in CD4 cell count follows and 

immunodeficiency ensues over time (years) (16;17). Treatment with HAART suppresses viral 

replication leading to recovery of CD4 cells and immunologic and clinical improvement (18). Still, 

the immunological reconstitution after HAART initiation varies depending on the pre-HAART level 

of immunodeficiency (19;20). Several studies have shown that patients in spite of successful 

virological response to HAART and incomplete initial CD4 recovery have increased mortality but 

the outcome is poorly documented for patients with persistent low CD4 count despite several 

years of HAART with sustained VL suppression (21;22).  
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4. Methods 

4.1. Settings  

All studies were carried out in Denmark in the period 1995 - 2008. Denmark had a population of 

5.5 million as of 31 December 2008, with an estimated HIV prevalence of approximately 0.07% in 

the adult population (23;24). Patients with HIV infection are treated in one of the country’s nine 

specialized medical centres, where they are seen on an outpatient basis at intended intervals of 12 

weeks. Antiretroviral treatment is provided free of charge to all eligible HIV-infected residents of 

Denmark. During the follow up period for this thesis ( 1995 – 2008) national criteria for initiating 

HAART were HIV-related disease, acute HIV infection, pregnancy, CD4
+
 cell count < 300 cells/µL, 

and until 2001, plasma HIV-RNA >100.000 copies/ml.  

4.2. Study design 

All three studies in this thesis are cohort studies.  

In epidemiology, a cohort is defined most broadly as “any designated group of individuals who are 

followed or traced over a period of time” (25). Typically, the persons in a cohort have a common 

characteristic, in this case HIV, PML or low CD4 cell count, defining the group of persons as 

“exposed”. The concept of following a cohort is to measure the occurrence of one or more 

outcomes over time, in the exposed and un-exposed populations, thus the name observational or 

longitudinal study (26).  

The quality of the research done in observational studies depend on the accuracy of the 

information collected meaning how valid is the information that a patient is emigrated, lost to 

follow up  or still alive. In Denmark we have unique conditions to register this kind of information. 
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4.3. Data sources 

The Danish HIV Cohort Study 

The DHCS is described in details elsewhere, is a population-based prospective nationwide cohort 

study of all HIV-infected individuals 16 years or older at diagnosis and who are treated at Danish 

HIV centres after 1 January 1995 (27). The number of HIV patients in DHCS as per December 31, 

2008 was 5481. Patients are consecutively enrolled, and multiple registrations are avoided 

through the use of a unique civil registration number. Data are updated yearly and includes 

demographics, date of HIV infection, AIDS defining events, date and cause of death and 

antiretroviral treatment. CD4 cell counts and HIV-RNA measurements are extracted electronically 

from laboratory data files. 

The Danish Civil Registration System 

The Danish Civil Registration System is a national registry of all Danish residents established in 

1968(28). A 10-digit personal identity number (the CPR number) assigned at birth or immigration 

uniquely identifies each person. The CPR number is used by all public registries.  

The Danish National Hospital Registry  

The Danish National Hospital Registry was established in 1977 and covers all inpatient admissions 

and outpatient visits at non-psychiatric hospitals in the country (29). The registry is based on the 

unique CPR number and contains data on: type of admission, type of speciality, date of admissions 

and discharges, procedures, primary and secondary diagnoses (coded according to ICD-8 until the 

end of 1993, and ICD-10 thereafter). From this registry, we extracted data on inpatient admissions 

and outpatient visits of the HIV patients and the population controls for Study 2. 
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The Danish Cancer Registry. 

The Danish Cancer Register is a population-based register that contains information on incident 

cancers diagnosed in Danish citizens since 1943. Details about registration can be found elsewhere 

(30).  

4.4. Study populations 

In Study 1 we included all HIV infected individuals from the DHCS in the period 1 January 1995 to 

31 December 2006.  

In Study 2 we identified and included all HIV infected individuals from DHCS with Danish residency 

in the period 1 January 1995 to 31 December 2007. We also identified and included five 

population controls matched on gender and date of birth for each HIV patient from The Danish 

Civil Registration System for every study period.  

In Study 3 we identified all HIV-1 positive patients from DHSC who were included in the cohort 

before 31 December 2008, who 1) started HAART before 1 January 2005, 2) had a CD4 cell count ≤ 

200 cells/µl  at start of HAART, 3) had a VL < 50 copies/ml for more than three consecutive years 

before 1 January 2008, 4) had no intervals of more than seven months between VL tests in the 

suppressed period, and 5) had a CD4 cell count ≤ 200 cells/µl at start of the virally suppressed 

period. 

4.5. Study outcomes and statistical analyses 

Study 1 
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In the first part of Study 1 the outcome was the incidence of PML in HIV infected patients during 

the pre-HAART (1995–1996), early HAART (1997–1999), and late HAART (2000 –2006) periods, 

along with the incidence of PML in patients with CD4 cell counts< 200 µL and ≥200 cells/µL.  In the 

second part of the study the main outcome was death. We used Kaplan-Meier analysis to 

construct survival curves. We also described the presenting clinical and paraclinical characteristics 

of PML, as well as the neurological outcome of the disease. Risk factors for PML and death were 

estimated using the Cox proportional Hazard analysis. Selection of potential confounders was 

performed using the “change in estimate” method with age and gender forced into the model 

(31). 

Study 2 

In Study 2 the outcome was IAR (number of inpatient admissions/100 PYRS), and OVR (number of 

outpatient visits/100 PYRS) for Danish HIV patients and matched population controls.  Rates of 

inpatient admissions and outpatient visits were stratified on admission to departments of 

infectious diseases vs. all other departments, primary ICD-10 discharge diagnoses and CD4 counts 

(<=200 cells/µL, 200 cells/µL to <500 cells/µL and >=500 cells/µL). We calculated crude Poisson 

confidence intervals (95% CI) and RRs comparing rates of IARs and OVRs in the HIV infected 

patients to that in the population controls. 

Study 3 

In the first part of Study 3 we estimated risk factors for immunological non-response (CD4 cell 

count ≤ 200 cells/µL after three years of VL suppression) using binary logistic. In the second part of 

Study 3 we estimated mortality in INRs versus IRs. We used Kaplan Meier analysis to construct 

survival curves for INRs vs. IRs and further stratified these by time from first CD4 measurement ≤ 
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200 cells/µL to start of the virologically suppressed period (≤ one year vs. > one year). Cox 

regression analyses were used to estimate MRRs. Selection of potential confounders was 

performed using the “change in estimate” method with age and gender forced into the model 

(31). 

General differences in characteristics between groups were estimated using the χ
2
 test, Kruskal-

Wallis and Fisher’s exact test when appropriate. 
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5. Results 

5.1. Results from Study 1  

Incidence of PML 

We identified 47 PML patients in the study period. Incidence rates of diagnosis of PML decreased 

considerably from the pre-HAART period (3.3 per 1000 PYRS (95% CI; 1.9-5.7)) to the late-HAART 

periods (1.3 per 1000 PYRS (95% CI; 0.8-1.9)). Incidence rate among patients with CD4+ cell count 

above or equal to 200 cells/µl was 0.2 /1000 PYRS (95%CI; 0.1-0.6) and 9.1/1000 PYRS (95%CI; 6.7-

12.3) for patients with less than 200 CD4 cells/µl. The annual number of new PML cases in DHCS 

has been relatively stable after 2006 (figure 5.1.1.)(unpublished data) 

Figure 5.1.1. Yearly number of new PML cases and patients under observation in DHCS.  
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A CD4 cell count > 200 cells/µl vs. < 200 cells/µl at time of HIV diagnosis was the only significant 

marker for decreased risk of development of PML (Adjusted incidence rate ratio, 0.20 (95% CI; 

0.11-0.47)). Age, sex, race, IDU or being diagnosed with HIV before 1 January 1997 did not 

confound the beneficial effect of a CD4 cell count ≥ 200 cells/µl at time of PML diagnosis. 

Characteristics and presenting symptoms in patients diagnosed with PML 

Most of the patients with PML had advanced HIV disease with low CD4 cell count (median CD4 cell 

count (IQR); 50 cells/µl (27-160)) and high viral load (median HIV-RNA log10 copies/ml (IQR); 4.9 

(3.7-5.6)). Almost all patients had a nadir CD4 cell count below 200 cells/µL. The predominant 

neurological symptoms at presentation of PML were coordination disturbances, cognitive 

affection and limb paresis. 

Para clinical characteristics 

Very few patients presented with common signs of infection such as fever or leucocytosis along 

with the onset of neurological symptom. But an elevated sedimentation rate or C-reactive protein 

were seen in 39% (18/38) of the patients. CSF pleocytosis was uncommon (2%) while protein in 

the CSF was elevated in 49% of the cases. Abnormal decrease in CSF glucose level was not 

observed. 

PML diagnosis 

Twenty-five (53%) patients were diagnosed exclusively on clinical symptoms combined with either 

MRI findings (18 patients) or CT scans (7 patients). In 22 (47%) patients the PML diagnosis was 

confirmed by brain biopsy (14 patients) and/or positive PCR for JCV in CSF. Thirteen patients out of 
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31 patients tested had positive test PCR for JCV in the spinal fluid. Interestingly, seven of the 14 

patients diagnosed by brain biopsy had negative PCR for JCV in the CSF.  

Mortality in PML patients 

A total of 35 PML patients died in the study period. Median survival time for all patients diagnosed 

in the period 1995 to 2006 was 1.02 years (95% CI; 0.0- 2.5). Patients diagnosed with PML after 

1997 had a considerably higher median survival time than those diagnosed with PML before 1997 

(figure 5.1.2). Median survival time for patients diagnosed with PML who were treated with 

HAART was 1.8 years (95% CI; 0.8-2.8).  

Figure 5.1.2. Kaplan-Meier curves for overall survival by time of PML diagnosis: PML after 1997 (solid line), 

PML before 1997 (broken line).   
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In unadjusted analyses, a CD4 cell count above or equal to 50 cell/µL at diagnosis of PML (MRR, 

0.47 (95% CI, 0.24 – 0.93)) as well as diagnosis of PML after 1997 (MRR, 0.48 (95% CI, 

0.24 – 0.97)) were associated with reduced mortality. None of the two were confounded by age, 

CD4 cell count at index date, sex, race, IDU or AIDS defining diagnose before PML.  

Following the publication of the study an interesting question was raised by a reader in regards to 

the role of contrast enhancement on scans in our study (32). This inspired us to reanalyze our data 

and in a sub analysis we identified all PML long-term survivors (defined as patients being alive 

after four years from date of PML diagnose) and PML progressors (defined as patients not alive 

after four years from date of PML diagnose) and calculated the prevalence of contrast 

enhancement in these two populations. The prevalence of contrast enhancement (all found at MR 

scans) in PML progressors was five (14%) of 35 patients and two (18%) of 11 patients in PML long-

term survivors. In unadjusted Cox regression analyses, contrast enhancement was not associated 

with reduced mortality (MMR, 0.88 (95% CI, 0.34 –2.29)). 

Neurological Outcome 

Among those surviving more than three years 73% experienced improvement of their neurological 

symptoms. 
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5.2. Results from Study 2  

The yearly number of HIV patients seen in the Danish hospital system increased by 61% from 

2,184 in 1995 to 3,524 in 2007 (figure 5.2.1) and the number of patients above 50 and 60 years of 

age increased considerably. The yearly number of PYRS at risk for patients with a CD4 cell count 

below 200 cells/µL deceased from 814 PYRS in 1995 to 216 PYRS in 2007. Correspondingly the 

yearly number of PYRS at risk for patients with a CD4 cell count between 200 and 500 cells/µL 

increased from 778 PYRS in 1995 to 1347 PYRS in 2007 and from  319 PYRS in 1995 to 1743 PYRS in 

2007 for patients with a CD4 cell count > 500 cells/µL. 

Figure 5.2.1. Number of Danish HIV patients under observation per year divided in persons below 50 years 

(dark gray), between 50 and 60 years (light gray), above 60 years (white).                                
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Inpatient admission rates 

Over the observation period the overall IAR for HIV infected patients decreased (36.8%), while it 

increased (24.7%) for the population controls and thereby caused the RR to decrease from 6.2 in 

1995 - 1997 to 3.1 in 2004 – 2007. This trend can also be seen at the rate of inpatient admission 

days per 100 PYRs at all departments where it even appears that the rate of HIV patients is 

approaching that of the population controls (figure 5.2.2.)(unpublished data).  

Figure 5.2.2. Inpatient admission days pr 100 PYRS at all departments for HIV patients (thick line) and 

population controls (broken line). 
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We also observed that the RR between admissions at departments of infectious diseases and 

departments of non-infectious diseases changed during the observation period where the HIV 

patients ended up being admitted two times more at departments of non-infectious diseases than 

at departments of infectious diseases (figure 5.2.3.). 

Figure 5.2.3. Inpatient admission rates pr 100 PYRS at departments of infectious diseases for HIV patients 

(circular), non-infectious diseases (square) for HIV patients and non-infectious diseases for controls 

(triangular). Inpatient admission rates at departments of infectious diseases for non-HIV patients are not 

shown, due to the very low rates. 
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When categorised according to primary discharge diagnosis only, HIV patients had an increased RR 

due to cancer diagnoses and cardiovascular disease compared to the population controls.   

CD4 stratified inpatient admission rates 

For HIV infected patients with a CD4 cell count between 200 and 500 cells/µL, the overall IARs 

decreased in the study period to almost the same level as for patients with a CD4 cell count > 500 

cells/µL (figure 5.2.4.). In contrast IARs for HIV infected persons with a CD4 cell count < 200 

cells/µL remained high throughout the study period.  

Figure 5.2.4. Inpatient admission rates pr 100 PYRS at all departments for Danish HIV patients stratified 

for; (circular and group 1) CD4 cell count < 200 cells/µL; (square and group 2) 200 cells/µL ≤ CD4 cell count 

< 500 cells/µL; (triangular and group 3) CD4 cell count ≥ 500 cells/µL. 



24 

 

 

Outpatient visit rates 

The overall OVRs for the HIV infected persons increased slightly in the period 1995 – 2007 whereas 

this rate increases by 175% in the control population, and in consequence, the RR decreased over 

the period from 16.1 to 7.1. The OVR at departments of infectious diseases was stable around 600 

outpatient visits per 100 PYRS whereas it increased considerably at departments of non-infectious 

diseases (figure 5.2.5.). 

Figure 5.2.5.  Outpatient visit rates pr 100 PYRS at departments of infectious diseases (circular) and non-

infectious diseases (square) for HIV patients and for controls at departments of non-infectious diseases 
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(triangular). Outpatient visit rates at departments of infectious diseases for non-HIV patients are not 

shown, due to the very low rate. 

 

The OVR for cancer diagnoses increased considerably more for the control population (370%) than 

for the HIV infected population (54%) why the RR decreased from 8.0 to 2.6. Concerning visits 

under cardiovascular diagnoses an increase was observed in the HIV population (266%) as well in 

the control population (200%) and the RR increased from 2.0 to 2.5 in the observation period. 
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5.3. Results from Study 3 

In DHCS 3165 patients started HAART before 1 January 2005 (figure 5.3.1). 291 study subjects 

fulfilled the inclusion criteria. After three years of sustained VL 236 (81.1%) patients had reached a 

CD4 cell count above 200 cells/µl (IRs) and 55 (18.9%) of the HIV infected patients had not (INRs).  

Figure 5.3.1. Study flow chart. 

    

In adjusted analysis only age and time from first CD4 cell count ≤ 200 cells/µL until start of the 

virologically suppressed period were associated with increased risk of being INR. 
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A total of 22 (7.6%) patients died in the observation period, 11 (20.0%) in the INR group and 11 

(4.7%) in the IR group. INRs had a 

3.4 (95%CI; 1.4 – 8.0))(figure 5.3.2)

Figure 5.3.2. Kaplan-Meier curves for overall survival according to immunologic response at index date:

CD4 cell count ≥ 200 cells/µL (broken line), 2. CD4 cell count < 200 cells/µL (full line)

defined at the date of first CD4 measurement after three years of viral suppression (VL<50 HIV

copies/ml). 

A total of 22 (7.6%) patients died in the observation period, 11 (20.0%) in the INR group and 11 

a substantially higher mortality compared to

5.3.2).  

Meier curves for overall survival according to immunologic response at index date:

≥ 200 cells/µL (broken line), 2. CD4 cell count < 200 cells/µL (full line)

defined at the date of first CD4 measurement after three years of viral suppression (VL<50 HIV
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A total of 22 (7.6%) patients died in the observation period, 11 (20.0%) in the INR group and 11 

substantially higher mortality compared to IRs (adjusted MRR; 

Meier curves for overall survival according to immunologic response at index date: 1. 

≥ 200 cells/µL (broken line), 2. CD4 cell count < 200 cells/µL (full line). Index date was 

defined at the date of first CD4 measurement after three years of viral suppression (VL<50 HIV-RNA 

 



 

Figure 5.3.3 shows the mortality for IRs vs. INRs

200 cells/µL until start of of the virologically 

excess mortality was observed in the INRs with more than one year of immunological suppression 

prior to the virologically suppressed period. Of importance, the excess mortality was obser

to 6.5 years after initiation of virologically successful HAART. 

Figure 5.3.3. Kaplan-Meier curves for overall survival according to CD4 count at index date and stratified 

by time from first CD4 cell count < 200 cells/µL to 

cells/µL and ≤ one year (full line), 2) CD4 ≥ 200 cells/µL and > one year (bar line), 3) CD4 < 200 cells/µL and 

≤ one year (dot and bar line), 4) CD4 < 200 cells/µL and > one year (dot line).  

 

shows the mortality for IRs vs. INRs stratified by time from first CD4 measurement 

virologically suppressed period and demonstrates 

excess mortality was observed in the INRs with more than one year of immunological suppression 

suppressed period. Of importance, the excess mortality was obser

to 6.5 years after initiation of virologically successful HAART.  

Meier curves for overall survival according to CD4 count at index date and stratified 

time from first CD4 cell count < 200 cells/µL to start of the virally suppressed period:

≤ one year (full line), 2) CD4 ≥ 200 cells/µL and > one year (bar line), 3) CD4 < 200 cells/µL and 

≤ one year (dot and bar line), 4) CD4 < 200 cells/µL and > one year (dot line).   
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stratified by time from first CD4 measurement ≤ 

demonstrates that the main 

excess mortality was observed in the INRs with more than one year of immunological suppression 

suppressed period. Of importance, the excess mortality was observed up 

Meier curves for overall survival according to CD4 count at index date and stratified 

pressed period:  1) CD4 ≥ 200 

≤ one year (full line), 2) CD4 ≥ 200 cells/µL and > one year (bar line), 3) CD4 < 200 cells/µL and 
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In a stratified analyses excluding the 128 patients (44.0%) who had more than one year from first 

CD4 measurement ≤ 200 cells/µL until start of the virologically suppressed period the mortality 

was considerably reduced for INRs (adjusted MRR; 1.8 (95%CI; 0.3 – 10.2)). Ninety (70.3%) of these 

128 patients were diagnosed before 1995. When excluding IDUs from our analysis, the adjusted 

MRR was reduced to 1.8 (95%CI; 0.6 – 5.1). The exclusion of patients with previous cancer or AIDS 

defining events did not change the results substantially. 

Only one death in each group (INR vs. IR) appeared to be a classical HIV related cause of death 

(one PML and one cryptococcal meningitis).  

We performed a sensitivity analysis with a cut-off value of 500 copies/ml for viral suppression 

which did not change the increased mortality among INRs. 
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6. Discussion 

The findings of the three studies in this thesis will be discussed separately followed by a general 

conclusion. 

6.1. Discussion of Study 1 

In Study 1 we demonstrated that the incidence of PML decreased after the introduction of HAART 

and that it continued to decline further over time in the HAART period. In previously unpublished 

data we have also showed that the number of new cases appears to have reached a level and the 

situation appears to be the same in other parts of Europe (33). The initial decline in incidence is 

without doubt associated with the increased effectiveness of HAART due to better and simpler 

drug regimens as documented by increased survival and decreased occurrence of treatment 

failure (4;6;34). In concordance with this the main risk factor for development of PML is low CD4 

cell count and we clearly demonstrated that the risk of PML is very low when the CD4 cell count is 

above 200 cells/μL. We found that HIV patients with PML are generally characterized by being 

newly diagnosed patients with low CD4 cell counts. This should be supported by the findings in 

Study 1 but we erroneously estimated the median time from HIV to PML for all patients diagnosed 

with PML to be 4.6 years (IQR; 1.2-10.9). When excluding the patients diagnosed before 1995, the 

median time from HIV to PML is 0.12 (IQR; 0.0-3.5) years which exemplifies the statistical 

problems with a cohort that is not entirely incident. In regards to the HIV diagnosis, the DHCS is in 

part prevalent since it includes all HIV patients alive in Denmark per 1 January 1995 and then 

includes all new HIV cases from 1 January 1995 and forth. Prevalent cohorts have some 

disadvantages over incident cohorts since they may fail to include patients with short-lived 

terminal disease and therefore give unreal optimistic estimates of for example survival. On the 

other hand patients with long-standing morbidity who die shortly after the inclusion date may be 
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included leading to the opposite effect because of truncation of the length of survival from onset 

to the event of interest, death (35). Without doubt the patients in DHCS diagnosed with HIV 

before 1995 differ in some aspects from the incident part of the cohort in that they are more likely 

to have more viral resistance towards antiretroviral drugs and a slower rate of CD4 cell decay. Still, 

we think the impact of this phenomenon on our study is small but could lead to both under- and 

overestimation of the true incidence of PML in the pre-HAART years - it would not affect our 

estimate of mortality since the inclusion of PML cases was incident. 

When is a HIV patient at risk of contracting PML? In our study we included the observation time of 

all HIV patients under observation which allows for an immortal time bias (36).  Immortal time 

refers to cohort follow-up time in a time-to-event analysis during which, because of the exposure 

definition (all time after the HIV diagnosis), the outcome under study could not occur. To avoid 

this bias we could have included only observation time from for example the first 6 months after 

HIV diagnosis in HIV patients with low CD4 cell counts or used at time-updated analysis. The 

immortal time bias would tend to underestimate the true risk of PML in those at risk. 

Corresponding to our findings concerning PML, Lescure FX et al found a decreasing incidence of 

severe neurocognitive disorders in DHCS after the introduction of HAART and also here a low CD4 

cell count increased the risk of severe neurocognitive disorders (37). Besides immunological 

restitution, the effect of HAART in our observation period may also be due to increased use of CNS 

penetrating drugs suppressing viral replication in otherwise “sanctuary” locations (38).  

Another main finding in Study 1 was the beneficial effect of HAART on mortality in HIV patients 

diagnosed with PML. The development of PML after 1997 and high CD4 cell counts at time of PML 

diagnoses were considerable prognostic factors for survival most likely due to the effect of HAART. 
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Both Antinori and lately Khanna N et al found similar results (33;39). We did not find that contrast-

enhancement on MR scans reduced mortality as proposed by others (40) perhaps due to a low 

prevalence of IRIS in this study.  

In conclusion, we failed to reject hypothesis 1 as the incidence of PML has decreased and that the 

prognosis of HIV infected patients with PML has improved after the implementation of HAART. But 

the disease still has a high mortality, and patients who survive are often left with severe 

neurological sequelae. The main focus in management of PML should be on prophylactic measures 

by maintaining a high CD4 cell count through early diagnosis of HIV infection and initiation of 

HAART prior to immunological deterioration. 

6.2. Discussion of Study 2  

The main result in Study 2 is that in spite of a considerably reduction of the IARs for HIV patients 

the overall IAR is still three times higher than that of the population controls. Similar changes in 

the IARs for HIV infected patients have been described previously with regard to hospitalization 

for pneumonia and in the early HAART era (41;42). Not surprisingly, the reduction of the IARs for 

HIV patients was mainly seen at departments of infectious diseases among patients with a CD4 cell 

count 200 - 500 cells/µL and their IAR decreased to almost the same level as seen in the 

population with a CD4 count > 500 cells/µL. Without doubt this change in the IARs is largely 

caused by the decreased mortality and morbidity in HIV patients due to HAART (4;43). The IARs for 

patients with a CD4 cell count < 200 cells/µL and > 500 cells/µL changed little. Interestingly, the 

HIV patients ended up being admitted two times more at departments of non-infectious diseases 

than at departments of infectious disease, where they were mainly treated in the start of the 

epidemic. This finding indicates a shift in the morbidity of HIV patients from being primarily HIV 
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related to something non-HIV related. We believe that this is in part explained by the HAART 

induced improvement of the incidence and prognosis of HIV related morbidity.  Toxicity of HAART 

could explain part of this finding. This issue have been extensively explored and a study from the 

Data Collection on Adverse Events of Anti-HIV Drugs study have showed that treatment with 

protease inhibitors increased the risk of myocardial infarction by 16% with each year of exposure 

(44). This could not be confirmed in our study since the relative risk for the HIV patients of being 

admitted or seen on outpatient basis under cardiovascular diagnoses compared to the control 

population was rather stable during the observation period. Still, the HIV patients were admitted 

or seen on outpatient basis under cardiovascular diagnoses twice as much as the control 

population which corresponds well with a twofold increased risk of acute myocardial infection 

(45). In spite of a decreased risk of lymphoma and Kaposi’s sarcoma following HAART the RRs for 

HIV patients for both outpatient visits and admissions under malignant diagnoses remained high 

which probably reflects the increased risk of non-AIDS defining cancer found in other studies from 

DHCS (46-48).  

In general, study 2 suggests that the HIV patients have an increased risk of non-HIV comorbidity 

compared to population controls and this has been confirmed in several other studies from DHCS 

(45;47-51). Chronic immune activation in well treated HIV patients leading to accelerated ageing 

has been a major suspect (52). Another possible explanation could be that our results are biased 

by an unknown confounder. Confounding is defined as a factor related to both the exposed 

population (the HIV patients) and the outcome (hospitalization). Usually estimates are adjusted for 

confounding using statistical models but some confounders are not known or difficult to estimate 

resulting in residual or unmeasured confounding (26). Several of our studies from DHCS have 

demonstrated an increased risk of both cardiovascular disease and certain cancers in parents of 
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Danish HIV infected patients compared to parents of population controls (47;48;51). This implies 

that family associated or behavioral risk factors are involved. Risk-taking behavior is moderately to 

strongly related to heritability and for example offspring of smokers have a four times higher risk 

of initiating smoking (53;54). The results in our study may therefore be socially confounded by 

differences in life style, especially the prevalence in smoking.  

Finally, one should keep in mind that inpatient and outpatient visit rates are not a direct measure 

of morbidity but influenced by changes in health care policies and culture which call for some 

caution when interpreting the results. Namely the structure of the Danish health care system have 

changed during the observation period with a decreasing number of hospital beds while the 

number of outpatient visits has increased substantially (55). Further, many diagnostic and 

therapeutic procedures now take place in outpatient clinics. This may explain part of the decrease 

in IARs in our study and emphasises the need to control for calendar effects in observational 

studies of HIV populations. Even though improved diagnostics may have affected the absolute risk 

of being admitted to a hospital this is also be the case for the control populations in our study and 

the relative risk should therefore remain unchanged by this bias. 

The OVRs in for HIV patients at departments of infectious diseases increased slightly after the 

introduction of HAART and thereafter stabilized around six visits per year per patient, which is 

similar to the findings from other HIV centres in the late-HAART period (15). In Denmark patients 

on HAART are seen at intended three-month intervals (four times a year), which therefore 

accounts for almost two thirds of these visits.  

In conclusion, we failed to reject hypothesis 2.1 since the use of health care facilities by HIV 

patients after the introduction of HAART has shifted from inpatient to outpatient treatment. The 
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decrease in inpatient admissions is mainly observed at departments of infectious diseases and for 

HIV patients with CD4 cell counts between 200 - 500 cell/µL. In contrast, the increased use of 

outpatient visits mainly takes place in departments of non-infectious diseases and is probably a 

consequence of the increased age and comorbidity in the HIV population and a general trend 

towards a shift from inpatient to outpatient treatment in European health care systems. Also 

hypothesis 2.2 could not be rejected as the HIV patients still have an excess use of health care 

facilities compared to population controls.  

6.3. Discussion of Study 3 

In a population of HIV patients on successful HAART for more than three years with initial low CD4 

cell count we found that almost one out of five was INR and that older age and more than one 

year of severe immune deficiency prior to start of sustained VL were risk factors for INR. This 

finding is in accordance with van Lelyveld SF et al and other studies although there is some 

variation in the study designs (56-58). The biological mechanism behind poor immunological 

recovery is not completely understood although decreased thymus size and thymus activity are 

associated with slow CD4 cell recovery in several studies (6;13;19;59).   

Another main finding in Study 3 was the excess mortality seen among the INRs. Recently van 

Lelyveld et al have also found an increased mortality in HIV patients with poor immunological 

recovery (56). The study was performed in the Dutch ATHENA cohort and included HAART treated 

patients virally suppressed for 1.5 and 2 years. They defined poor immunological recovery as a 

CD4 cell count < 200 cells/µL despite two years of virological successful HAART and found that it 

was associated with a higher risk for overall morbidity and mortality and cardiovascular events in 

particular. We found that the increased risk of death was mainly explained by prolonged 
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immunological suppression prior to successful HAART and IDU. Since almost two thirds of the 

patients with prolonged immunological suppression prior to successful HAART were diagnosed 

with HIV before 1995 the explanation is in most cases delayed initiation of efficient HAART due to 

scarce treatment options and viral resistance. Thus it may seem as a historical problem but with a 

quite constant number of late presenters not just in Denmark the problem is indeed relevant and 

emphasises the importance of an early diagnosis of HIV (60). The increased mortality in patients 

with delayed initiation of successful HAART is well documented and the contribution of persistent 

immunodeficiency to the development of for example cancer has been observed by others 

(61;62). While IDUs in general do not have an increased risk of HIV-related death in the HAART 

era, they have a substantially increased risk of non-HIV related death, even when successfully 

treated with HAART, which corresponds well with our findings (63;64). We encountered few AIDS 

related deaths among the INRs but we cannot rule out that there is a biological cause of the 

increased mortality in INRs related to immunodeficiency since our study simply do not have power 

enough to demonstrate an association. The reason for such a correlation is not clear but chronic 

immune activation in virally well treated HIV patients has been proposed as a cause of both poor 

CD4 cell recovery and otherwise non-HIV related endpoints like cardiovascular disease (65;66). As 

in Study 2 our results may also be confounded by lifestyle factors like smoking and other risk 

taking behavior. 

With the findings from Study 3 we failed to reject hypothesis 3 since HIV patients with poor 

immunological recovery after more than three years of successful HAART had an increased 

mortality. Both poor CD4 cell recovery and the increased mortality were related to prolonged 

immunological suppression.  These findings again points toward early diagnosis of HIV as the main 
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prophylactic measure. Also, the increased mortality in these patients calls for increased concern in 

terms of treatment and screening for comorbidity.  

6.4. Strengths 

A major strength of this thesis is the population-based design with long and nearly complete 

follow-up. This has allowed us to perform nationwide analyses with well validated follow-up 

without the bias of selected cohorts and study populations.  

Another strength is the quality and coverage of The Danish Civil Registration System and the 

Danish Hospital Registry which enabled us to present the first nationwide study on the use of both 

inpatient admissions and outpatient visits of HIV infected persons compared with a matched 

control population (Study 2).  

The major strength of Study 3 is the identification of a homogeneous group with stringent viral 

suppression, essentially eliminating the possibility that incomplete viral suppression explains our 

findings.  

6.5. Limitations 

In Study 1 the diagnosis was confirmed by histology or PCR in only half of the patients. This may 

lead to the concern that some patients have been misclassified. However, the group with 

confirmed PML did not differ from the group diagnosed by clinical and radiological findings in 

prognosis. Also, we cannot rule out that some PML cases may have been misclassified as other 

neurodegenerative diseases such as HIV dementia which may have caused underestimation of the 

true incidence of PML in our study. Prospective assessment of neurological deficits and 

performance by standardized scoring systems would have been preferable as patient files are 
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known to be incomplete in registration. Consequently the retrospective design of this part of the 

study will probably tend to underestimate the degree of neurological symptoms and sequelae 

after diagnosis of PML. The neurologic prognosis after diagnosis of PML may therefore be even 

worse than what we have estimated. 

One of the limitations in Study 2 lies in the comparison of HIV patients and non-HIV infected 

individuals. One concern is that we did not match the two populations on geography, but data 

from Statistics Denmark indicates that regional IARs differed little in the observation period (23). 

Further, treatment of HIV-infected patients in Denmark mainly takes place at university hospitals 

whereas medical treatment among the control population presumably is less centralized why 

treatment and admission patterns may differ.  

A major limitation of Study 3 is the small study population (in part caused by the stringent 

definitions of INRs and IRs) and the small number of outcomes, which did not allow us to extend 

the logistic regressions analysis or to calculate cause specific rate ratios of death. The study 

population encompasses a highly selected group of patients surviving more than three years in 

spite of low initial CD4 cell count, and a healthy survivor effect may lead to underestimation of the 

excess mortality in the INRs. Still, by using an extended virally suppressed period we allowed the 

patients to reach a steadier CD4 plateau without the interference of CD4 cell redistribution as seen 

after HAART start. At present we are running similar analyses on data from 181,976 HIV infected 

patients from ART-CC and COHERE, which may answer some of the questions raised by Study 3.  

6.6. Conclusion and perspectives 

The principle findings of this thesis was 1) both incidence and mortality of PML among Danish HIV 

patients have decreased after the introduction of HAART, 2) after the introduction of HAART the 
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use of health care facilities by HIV patients have in general shifted from inpatient to outpatient 

treatment mainly at departments of non-infectious diseases but Danish HIV patients still have an 

excess use of health care facilities compared to population controls, 3) Danish HIV patients with 

poor immunological recovery after more than three years of successful HAART have an increased 

mortality. 

This thesis provides new insight and new information concerning morbidity and mortality in 

Danish HIV patients. Whereas our result in Study 1 do not lead to changes or improvement of the 

current treatment of HIV it is relevant for both HIV patients and HIV clinicians in regards to 

diagnosing PML in HIV patients and the prognosis of HIV patients with PML.  Furthermore, Study 2 

showed that HIV patients have an increasing use of outpatient health care facilities which from an 

administrative perspective is valuable in regards to planning, budgeting and distribution of 

resources in the health care sector. Finally, Study 3 demonstrated that HIV patients, who in spite 

of successful HAART continued to have a low CD4 cell count, have an excess mortality associated 

with prolonged immunosuppression which underlines the importance of an early HIV diagnosis. 

Also, the increased mortality in these patients calls for increased concern in terms of treatment 

and screening for comorbidity.  
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Appendix 1 

Summary in English 

In Western and Central Europe approximately 820,000 adults and children are living with HIV. The 

introduction of HAART, which in most countries is free of charge, has decreased HIV related 

morbidity and mortality in HIV patients due to immunological recovery following viral load 

suppression. Initially after the introduction of HAART the main concerns were continued viral 

suppression and viral resistance but with growing experience in treating HIV patients and an 

increasingly wider range of drugs, well treated HIV infected patients now have an overall life 

expectancy close to non-HIV infected individuals. The main challenges are now drug toxicity and 

non-HIV related morbidity associated with behavioral risk factors like cigarette smoking.  

This thesis included three studies that revolve around the effects of HAART on the Danish HIV 

infected population. Mainly three aspects was investigated; 1) Incidence and mortality of 

progressive multifocal leucoencephalopathy (PML) in HIV patients, 2) HIV patients use of health 

care facilities compared to population controls and 3) the long term mortality in successfully 

treated HIV patients with low CD4 cell counts.  

Study 1 demonstrated that the incidence of PML has decreased and its prognosis improved in HIV 

infected patients after the implementation of HAART. But the disease still has a high mortality, and 

patients who survive are often left with severe neurological sequelae. The main focus in 

management of PML should be on early diagnosis of HIV infection and initiation of HAART prior to 

immunological deterioration. 

Study 2 showed that after the introduction of HAART the use of health care facilities by HIV 

patients have shifted from inpatient to outpatient treatment. The decrease in inpatient admissions 
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is mainly observed at departments of infectious diseases and for HIV patients with CD4 cell counts 

between 200 - 500 cell/µL. In contrast, the increased use of outpatient visits mainly takes place in 

departments of non-infectious diseases and is probably a consequence of the increased age and 

comorbidity in the HIV population and a general trend towards a shift from inpatient to outpatient 

treatment in European health care systems. In spite of HAART, Danish HIV patients still have an 

excess use of hospital health care facilities compared to the background population. 

Study 3 showed that poor CD4 cell recovery in HIV patients on otherwise successful HAART was 

associated with prolonged immunological suppression and that these HIV patients had an 

increased mortality related to prolonged immunological suppression and intravenous drug use.  

These findings again point toward early diagnosis of HIV as the main prophylactic measure. Also, 

the increased mortality in these patients calls for increased concern in terms of treatment and 

screening for comorbidity.  

Altogether, the studies have demonstrated that 1) the incidence and mortality of PML in Danish 

HIV patients have decreased after the introduction of HAART, 2) The use of health care facilities 

among HIV patients have decreased but Danish HIV patients still have a excess use of hospital 

health care facilities compared to the background population, 3) HIV patients who continued to 

have a low CD4 cell count in spite of successful HAART have an excess mortality. This thesis 

contributes with new knowledge and information to HIV patients and clinicians regarding 

diagnosing PML and the prognosis for HIV patients with PML and HIV patients who continued to 

have a low CD4 cell count in spite of successful HAART. Knowledge about changes and trends in 

the use of healthcare facilities by HIV patients are valuable in regards to planning, budgeting and 

distribution of resources in the health care sector. 
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Appendix 2 

Summary in Danish 

HIV epidemien startede for 30 år siden og der er i dag cirka 33,3 millioner HIV inficerede på 

verdensplan hvoraf størstedelen lever i Afrika. I Vest- og Centraleuropa er der i dag cirka 820.000 

voksne og børn med HIV. Introduktionen af highly active antiretroviral treatment (HAART) som er 

gratis i den fleste europæiske lande har sænket morbiditet og mortalitet hos HIV patients via viral 

supprimering og immunologisk restitution. Således har velbehandlede HIV patienter i dag en 

næsten normal forventet levealder.  

Denne PhD består af tre kohorte studier og omhandler effekten af HAART på danske HIV patienter. 

Især tre aspekter blev belyst: 1) incidens og mortalitet af progressiv multifokal leukoencefalopati, 

2) forbruget af hospitalsydelser hos danske HIV patienter sammenlignet med 

baggrundsbefolkningen, 3) mortaliteten hos danske HIV patienter succesfuldt behandlet med 

HAART i mere end tre år med dårlig immunologisk restitution.  

Studie 1 demonstrerede at incidensen af PML er faldet og at prognosen er forbedret efter 

implementeringen af HAART. Mortaliteten er dog fortsat høj og dem der overlever har ofte 

alvorlige neurologiske sequelae. I behandlingen af PML bør fokus være på profylakse gennem tidlig 

diagnose af HIV infektion og opstart af behandling før immunforsvaret bliver svækket.  

Studie 2 viste at forbruget af hospitalsydelser efter introduktionen af HAART er faldet og at 

behandlingen af HIV patienter er skiftet fra behandling under indlæggelse til ambulant behandling. 

Faldet i hospitals indlæggelser blev primært observeret hos patienter med et CD4 celle tal mellem 

200 og 500 celler/µL på infektionsmedicinske afdelinger. I kontrast hertil observerede vi en 
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stigning i forbruget af ambulante ydelser på ikke-infektionsmedicinske afdelinger, hvilket 

sandsynligvis er en konsekvens af stigende alder og komorbiditet i HIV populationen samt 

generelle ændringer i den danske hospitalssektor. Trods et betydeligt fald i forbruget af 

hospitalsydelser har danske HIV patienter fortsat et større forbrug af hospitalsydelser end 

baggrundsbefolkningen.  

Studie 3 viste at succesfuldt behandlede HIV patienter med dårlig immunologisk restitution har en 

øget dødelighed. Dårlig restitution af immunforsvaret var associeret med langvarig suppression af 

immunforsvaret og den øgede dødelighed i denne patient gruppe var associeret med langvarig 

suppression af immunforsvaret inden start på effektiv HIV behandling og intravenøst stof misbrug. 

Disse fund understreger igen vigtigheden af tidlig diagnosticering af HIV. Den øgede dødelighed i 

denne patient gruppe bør føre til øget opmærksomhed på screening og behandling af 

komorbiditet. 

Overordnet set har studierne vist at 1) PML incidensen og mortaliteten hos danske HIV patienter 

er faldet efter implementeringen af HAART, 2) danske HIV patienters forbrug af hospitals ydelser 

er faldet markant, men forbruget er fortsat større end hos ikke-HIV inficerede kontrolpersoner og 

3) succesfuldt behandlede HIV patient med dårlig restitution af immunforsvaret har en øget 

dødelighed. Denne afhandling bidrager med klinisk anvendelig viden om diagnosticering af PML 

hos HIV patienter, prognosen for HIV patienter med PML samt prognosen for succesfuldt 

behandlede HIV patienter med dårlig immunologisk restitution. Yderligere er viden om ændringer 

og trends i HIV patienters forbrug af hospitals ydelser nødvendige fra et administrativt synspunkt 

til planlægning, budgettering og allokering af resurser i hospitalssektoren.  
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