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ABSTRACT 

THE ROLE OF VIRAL LOAD IN THE PROGRESSION OF HIV DIAGNOSIS TO 
DEVELOPMENT OF AIDS IN MICHIGAN PATIENTS POPULATION 

By  

Souliya Channavong 

Objective: The primary objective is to emphasize the prognostic value of viral load in 

the progression of HIV infection diagnosis to development of AIDS in the state of 

Michigan.  

Methods: This study included HIV positive cases whose diagnosis status and 

laboratory tests information were reported to Michigan State health department’s HIV 

surveillance system between Jan 2001 to Dec 2008 and information were available 

till Dec 2016. Kaplan Meier analyses were used to describe AIDS-free survival 

probability. Additionally, Cox regression models were used to evaluate baseline and 

time-varying viral load on risks of progression from HIV diagnosis to AIDS diagnosis. 

The models were adjusted for baseline CD4 cells count, race, gender, and age at 

HIV diagnosis.  

Results: 2,292 cases were eligible for analysis. Kaplan Meier curve shows that 56% 

of the patients were AIDS-free at 16 years after HIV diagnosis. For every unit 

increase of log copies/mL of baseline viral load, the hazard ratio of AIDS progression 

is 1.09 (95% CI: 1.05-1.13). The time-varying model shows the hazard ratio of AIDS 

progression of 1.05 (95% CI: 1.03-1.07) for every unit increase in log viral load. 

Conclusion: The higher the viral load, the shorter the progression window for HIV 

patients to develop AIDS. Median progression time from HIV diagnosis to AIDS 

development in Michigan population is estimated to be longer than 16 years. 



	

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright by  
SOULIYA CHANNAVONG 
2018 
 



	 iv	

ACKNOWLEDGMENTS 

 First of all, I wish to acknowledge Michigan State University (MSU), College of 

Human Medicine, and Department of Epidemiology and Biostatistics in providing 

data analysis facilities and access to previous research. Sincere gratitude to the 

Michigan Department of Health and Human Services (MDHHS) for providing 

necessary datasets.  

 Furthermore, I would like to acknowledge Dr. Joseph Gardiner who had 

advised me on the statistical analysis of my project. I am also grateful for the support 

and guidance of Dr. Mary-Grace Brandt who supported this project by allowing 

access to the datasets and giving insightful comments on how to manage the data. 

 Finally, I would like to acknowledge the guidance of my academic advisor Dr. 

A. Mahdi Saeed who had helped me through every process of the project. Not only 

did Dr. Saeed suggest the topic to me, but he also connected me with MDHHS to 

obtain the dataset. He always gave valuable advice throughout my academic years 

as a master’s student. I am honored to have him as my advisor. 

  



	 v	

TABLE OF CONTENTS 

	

LIST OF TABLES ...................................................................................................... vii 

LIST OF FIGURES .................................................................................................... viii 

KEY TO ABBREVIATIONS ........................................................................................ ix 

INTRODUCTION ......................................................................................................... 1 
Human Immunodeficiency Virus (HIV) ..................................................................... 1 
Stages of HIV Infection ............................................................................................ 1 
Epidemiology of HIV/AIDS ....................................................................................... 2 
HIV/AIDS in the US .................................................................................................. 3 
HIV/AIDS in the State of Michigan ........................................................................... 3 
Progression Time from HIV to AIDS ........................................................................ 4 
Factors Affecting Disease Progression .................................................................... 5 

Human immune response ..................................................................................... 5 
Antiretroviral Therapy (ART) ................................................................................. 6 
Coinfection ............................................................................................................ 7 
Other factors ......................................................................................................... 7 

HIV Surveillance in the US ....................................................................................... 8 
Viral Load (Plasma HIV-1 RNA) ............................................................................... 9 
Rationale .................................................................................................................. 9 
Objectives .............................................................................................................. 10 

METHODS ................................................................................................................. 11 
Study Population and Design ................................................................................. 11 
Measurements ....................................................................................................... 14 

HIV diagnosis ...................................................................................................... 14 
AIDS diagnosis ................................................................................................... 14 
Follow-up Status ................................................................................................. 14 
Follow-up time .................................................................................................... 14 

Follow-up time for baseline model ................................................................... 14 
Follow-up time for time-varying model ............................................................. 15 

Viral load (Plasma HIV-1 RNA) ........................................................................... 16 
Baseline viral load ........................................................................................... 16 
Baseline viral load category ............................................................................. 16 
Time-varying viral load .................................................................................... 16 

Absolute CD4 T-lymphocyte count (CD4 cells count) ......................................... 17 
Baseline CD4 cells count ................................................................................. 17 
Baseline CD4 cells count category .................................................................. 17 
Time-varying CD4 cells count .......................................................................... 17 

Serological Testing Algorithm for Recent HIV Seroconversion (STARHS) ........ 17 
Race/Ethnicity ..................................................................................................... 18 
Gender ................................................................................................................ 18 
Age at HIV diagnosis .......................................................................................... 18 



	 vi	

Statistical Analysis ................................................................................................. 18 
Kaplan Meier Analysis ........................................................................................ 19 
Cox Proportional Hazard Models ........................................................................ 19 

RESULTS .................................................................................................................. 21 

DISCUSSION ............................................................................................................ 37 

CONCLUSION ........................................................................................................... 42 

REFERENCES .......................................................................................................... 43 

 

 

  



	 vii	

 LIST OF TABLES 

	

Table 1. Characteristics of 2,290 HIV patients diagnosed with HIV between 2001-
2008 .......................................................................................................................... 22 

Table 2. Baseline log viral load and its relationship with other covariates ................ 29 

Table 3. AIDS diagnosis status and its relationship with other covariates ................ 30 

Table 4. Cox proportional hazards model with baseline variables ............................ 32 

Table 5. Cox proportional hazards model with time-varying variables ...................... 35 

Table 6. Unadjusted and adjusted hazard ratios ....................................................... 36 

 
  



	viii	

LIST OF FIGURES 

	

Figure 1. Inclusion and exclusion criteria flowchart ................................................... 13 

Figure 2. Kaplan-Meier curve of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk ......................................................................................... 23 

Figure 3. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by baseline viral load categories ..................................... 24 

Figure 4. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by baseline CD4 cells count categories .......................... 26 

Figure 5. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by race ............................................................................. 27 

Figure 6. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by gender ........................................................................ 28 

Figure 7. Percentage of patients' contribution to the number of viral load tests in 
time-varying model .................................................................................................... 33 

Figure 8. Viral load test results of five patients follow HIV diagnosis date ................ 34 
	 	



	 ix	

KEY TO ABBREVIATIONS 

	

Ab  Antibody 

Ag  Antigen   

AIDS   Acquired Immune Deficiency Syndrome 

ART   Antiretroviral Therapy 

AZT  Azidothymidine 

CD3   Cluster of Differentiation 3 

CD4   Cluster of Differentiation 4 

CD8   Cluster of Differentiation 8 

CDC   Centers for Disease Control and Prevention 

CI   Confidence Interval 

CMV  Cytomegalovirus 

DNA  Deoxyribonucleic Acid 

FDA  Food and Drug Administration 

HAART  Highly Active Antiretroviral Therapy 

HCV  Hepatitis C Virus 

HSV-2  Herpes Simplex Virus type 2 

HIV   Human-Immunodeficiency Virus 

IRB   Institutional Review Board 

MDHHS Michigan Department of Health and Human Services 

MDSS  Michigan Disease Surveillance System 

mL   Milliliter 

MSU  Michigan State University 

NAATs  Nucleic Acid Amplification-Based Tests  

NRTI  Nucleoside Reverse Transcriptase Inhibitor  

OIs  Opportunistic Illnesses 

PCP  Pneumocystis pneumonia 

PLWH  Persons Living With HIV 

RNA  Ribonucleic Acid 



	 x	

SIV  Simian Immunodeficiency Virus 

U=U  Undetectable = Untransmittable 

WB  Western Blot 

WHO   World Health Organization 

µL   Microliter 

 



	 1	

INTRODUCTION  

Human Immunodeficiency Virus (HIV)  

 Human Immunodeficiency Virus (HIV) is a double-stranded retrovirus of 

lentivirus family (1). The virus was first isolated in 1983 (2). Two serologically distinct 

species (HIV-1 and HIV-2) were identified (2). HIV in this paper refers to HIV-1 

unless specified otherwise. As the name implies, the human is a natural reservoir of 

HIV. It is believed that HIV evolved from chimpanzee’s Simian Immunodeficiency 

Virus (SIV) which crossed over to human from the butchering of bush meat (2). 

Since then, the virus has spread around the world and become one of the world’s 

largest pandemic diseases in human history (1).  

 HIV transmits from person to person via body fluid, semen, and breast milk 

(2). High-risk activities include unprotected sexual intercourse, the use of HIV 

contaminated needles and skin piercing products. For instance, sharing needles 

between injection drugs users, transfusion of infected blood, breastfeeding by an 

infected mother leads to vertical transmission from mother to child (2). Among these 

transmission modes, heterosexual transmission is the predominant mode of 

transmission with more than 75% of HIV transmission, and 5-10% of HIV 

transmission is from mother to child (3).    

Stages of HIV Infection 

There are three stages of HIV infection. An HIV infected patient will first 

experience acute HIV infection, followed by chronic HIV infection and later, the final 

stage: Acquired Immunodeficiency Syndrome (AIDS) (4). In the acute HIV infection 

stage, some people will develop flu-like symptoms such as fever, headache, and 

rash (4). This stage develops typically within 2-4 weeks after initial HIV infection. 

During the acute stage, the virus’ Ribonucleic Acid (RNA) genome transcribes into 
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Deoxyribonucleic Acid (DNA) by integrating into the host immune cell genome and 

duplicates itself (4). The virus multiplies and replicates approximately 10 billion 

copies each day (4). The viruses also disseminate throughout the human body (4). 

The virus mainly targets a type of white blood cell called T-lymphocyte, especially 

CD4 T-lymphocyte. Due to the high level of replication and dissemination, the 

number of HIV in the blood is very high (4). At the same time, the body’s immune 

cells can drop very low. After the acute stage, HIV infection progresses into chronic 

HIV infection also known as clinical latency (4). In chronic HIV infection stage, an 

HIV infected person might not show any HIV-related symptom for many years (4). 

HIV continues to replicate during this period but at a lower rate. Generally, CD4 cells 

level return to normal range (4). The final stage of HIV infection, or commonly known 

as AIDS, is developed after HIV destroys the host body’s immune system and 

decreases the body’s ability to defend itself from other infections. This puts the host 

at risk of opportunistic infections (OIs) (4). The most common conditions that alert 

the presence of AIDS are Kaposi’s Sarcoma, Pneumocystis Pneumonia (PCP) 

cachexia, and esophageal candidiasis. (Detailed list of OIs are described 

elsewhere,(5,6)).   

Epidemiology of HIV/AIDS 

 HIV/AIDS is a significant public health concern around the globe. The AIDS 

pandemic has affected more than 60 million people and caused more than 25 million 

deaths over the past several decades (1). In the year 2016, the World Health 

Organization (WHO) estimated 36.7 million people infected with HIV and over one 

million deaths directly associated with HIV (7). According to WHO 2016 care 

continuum, out of all the people with HIV infection, an estimation of only 70% of them 

were aware of their HIV status (7). The remaining 30% (over 11 million people) still 
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need access to HIV testing services (7). Approximately 19.5 million people are 

receiving treatment, and 16 million reached viral suppression (7).  

HIV/AIDS in the US 

 The first official report of what would have been known as AIDS was a report 

describing five cases of Pneumocystis pneumonia (PCP) in previously healthy 

homosexual men on June 5th, 1981 in Los Angeles (8). The Center for Disease 

Control and Prevention (CDC) estimated 42,000 people were living with HIV by the 

end of 1981 (8). Since the first AIDS case was reported, the number of Persons 

Living With HIV (PLWH) has increased remarkably (9). According to CDC by the end 

of 2015, there was an estimation of 1.1 million PLWH (9). Of those, 162,500 (15%) 

did not receive diagnosis (9). Approximately 40,000 people were newly diagnosed in 

2015 (9). There was a constant number of new HIV cases throughout the past 30 

years.  

HIV/AIDS in the State of Michigan 

The estimated number of people living with HIV infection in the state of 

Michigan was 15,180 by the end of 2015 (10). Of those, approximately 86% were 

diagnosed with HIV and were aware of their status. Around 67% were linked to 

medical care, and 55% were virally suppressed (11). In the same year, there were 

726 newly diagnosed cases, and 238 of PLWH died (10). The number of PLWH has 

increased gradually (12). The increasing number of PLWH is due to the fact that HIV 

incidence rates were stable while HIV mortality rates decrease (12,13). The 

incidence rates were stable at around 8 cases per 100,000 individuals (12) while 

death rates among PLWH steadily declined from 44 to 17 cases per 1000 PLWH 

(14).  
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 HIV primarily spreads through unprotected sexual intercourse and needles 

sharing (15). Despite HIV prevention efforts such as the promotion of safe sex 

practices and disposable needles use, incidence rates of HIV infection in Michigan 

has remained at the same level over the past decade (13). The incidence rate 

reported in 2014 was 7.8 per 100,000 cases, dropping only 0.2 per 100,000 cases 

since 2006 (13). In 2015, among the 15,180 PLWH in Michigan, 8,033 of them have 

developed AIDS (10). AIDS-defining illnesses are the leading causes of fatality in 

PLWH, with 50% of deaths among PLWH related to AIDS (16).  

Progression Time from HIV to AIDS  

  Preventing HIV infected patients from developing AIDS is essential in 

reducing AIDS-related mortality because AIDS-defining illnesses are the primary 

cause of mortality among HIV infected patients (17). The estimated progression time 

from HIV to AIDS is an important public health statistic that is used to assess the 

impact of the HIV epidemic. It is an important parameter to measure the 

effectiveness of HIV treatments and controls at the population level (18). Even 

though the time from HIV diagnosis to onset of AIDS has constantly been updated, 

the median AIDS progression time and AIDS-free probability reported in previous 

articles have varied (19–22). The median progression time from HIV diagnosis to 

onset of AIDS ranges from 2-9 years (21–23). Additionally, the AIDS-free probability 

at ten years after HIV seroconversion ranges from 10-40% (21,22). A study from 

Tehran, Iran shows that 90.4% of HIV infected patients developed AIDS within ten 

years (22). Nevertheless, a study from the UK study shows only 60.4% of HIV 

infected patients developing AIDS within ten years (21). These differences might be 

due to the differences in study population, study period and study duration.  In the 
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state of Michigan, the progression time from HIV to AIDS development among HIV 

patients has not been previously studied or reported.   

Factors Affecting Disease Progression 

 Several important factors are used to predict the progression time from HIV 

seroconversion to the development of AIDS. The main factors that profoundly 

influence AIDS progression time are patient’s immune response to Antiretroviral 

Therapy (ART). Several additional factors affect HIV to AIDS progression time. 

Examples of those factors are coinfection with other viruses, race, gender, and age.  

Human immune response  

 The development of AIDS appears to be strongly linked to human immune 

response since AIDS is principally defined by the deficiency of human acquired 

immune system (3). The human acquired immune system operates by creating 

specific antibodies to mark specific invaders to eliminate these foreign organisms. 

The primary type of cells that plays an essential role in creating antibodies is T-

lymphocyte cell. When HIV infected a host, they mainly target the host's T-

lymphocyte cells and demolishes the number of T-cells (3). As a result, the host’s 

immune system weakens, and the body is vulnerable to other infections. Thus, a 

group of symptoms and infections caused by HIV are named AIDS (3).  

 Researches are exploring several markers to measure the activation of the 

human immune system against HIV. The markers include CD4 cells count, CD3 cells 

count, CD8 cells count, β2-microglobulin and HIV Plasma RNA/DNA (viral load) (24). 

Prior to 1996, it was commonly accepted that CD4 cells count was the most suitable 

parameter for HIV treatment guideline and as a basis evaluator for the disease 

prognosis (24). However, later studies showed that the viral load provided more 

reliable information about the disease prognosis. Mellors et al. (1997) concluded that 
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among HIV/AIDS laboratory tests, viral load is the best predictor of progression time 

from HIV to AIDS (24). Moore et al. (2009) showed that in viral load suppressed 

patients, change in CD4 cells count had no significant association with progression 

time to AIDS (25).  

In recent practice, both viral load and CD4 cells count are the most routinely 

prescribed by physicians for evaluating disease progression in HIV patients, and 

they are used as parameters for initiating and modifying ART (24,26). Prior studies 

have shown that baseline viral load, and CD4 cells count together are valid 

predictors of the disease prognosis (24,27,28). Likewise, low viral load and high CD4 

cells count at follow-up predicts AIDS progression more accurately (29).  

Antiretroviral Therapy (ART)  

 The first commonly used antiretroviral drug (HIV viral suppressor) was a 

Nucleoside Reverse Transcriptase Inhibitor (NRTI) or commonly known as 

Azidothymidine (AZT). The medicine was approved by the US Food and Drug 

Administration (FDA) in 1987 (30). However, there was little evidence that AZT used 

alone, as a monotherapy, increased the survival of HIV/AIDS patients. Kaufmann et 

al. found that monotherapy with this and other early antiretroviral drugs increased 

patients’ CD4 cells count but did not reduce or suppress the viral load (31).  The 

drugs were not an effective suppressor of the viruses and patients still developed 

AIDS after a period of HIV infection (31). This raised the hypothesis that viral load is 

a better proxy for HIV/AIDS prognosis and a better treatment indicator. 

The introduction of Highly Active Antiretroviral Therapy (HAART) in 1997 

elevated the importance of viral load’s role in HIV/AIDS prognosis. HAART is the 

most effective treatment for HIV/AIDS; it combines three types of antiretroviral drugs 

(30). Studies found that HAART effectively reduced viral load in HIV positive patients 
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(32). Moreover, a study of HIV to AIDS progression and times to death after AIDS 

diagnosis between the pre- and post- HAART era showed that the hazard ratio of 

progression from HIV to AIDS decreased by 80% after the introduction of HAART 

(33). 

Coinfection 

Coinfection of HIV with viruses such as herpes, and Hepatitis C Virus (HCV) 

can affect HIV to AIDS progression. Studies have shown that coinfection of HIV and 

various members of herpes virus family may increase the risk of HIV to AIDS 

progression (34). The proposed mechanism was a protein produced by Herpes 

viruses, especially Human Simplex Virus type 2 (HSV-2), increasing HIV replication 

in CD4 T-lymphocyte (34). Thus, Herpes viruses accelerate the disease progression 

by increasing viral load (34). Patients who are infected with both HIV and 

Cytomegalovirus (CMV) are found to develop AIDS-related symptoms faster than 

those who are infected with HIV alone (35). Another virus that interacts with HIV and 

is associated with faster disease progression is HCV (36). Recent research suggests 

that HIV coinfection with multiple HCV genotypes increases the HIV progression time 

to AIDS and death (36).  

Other factors 

 Factors such as race/ethnicity, gender, and age at HIV diagnosis are 

considered to affect progression time from HIV to AIDS. The differences in AIDS 

progression among different races were observed in many previous studies. A study 

from CDC surveillance data showed that Non-Hispanic Blacks had the worst 

HIV/AIDS prognosis (37). Whereas, a study by Grigoryan et al. in 2009 showed that 

Asian/Pacific Islanders had the worst AIDS-free survival probability (38).  
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The effect of gender on AIDS progression is controversial. A study of 4,643 

HIV patients in Spain suggested that although there were significant differences in 

the viral load between gender, the disease progression times were not different 

between male and female (19). Similarly, a US study by Sterling et al. (2001) 

showed that the rates of AIDS progression in male and female patients were similar 

(39). However, a recent Kenyan study showed that a hazard ratio of AIDS 

progression was 1.98 (CI: 1.69-2.33) comparing male to female (40). A meta-

analysis of 38 studies from the pre-HAART period showed that the median survival 

of HIV/AIDS varied. The median time of progression to AIDS among the 15-24 year-

old and 45-54 year-old were 11.0 years and 7.7 years, respectively (41). 

HIV Surveillance in the US 

 CDC’s Division of HIV/AIDS Prevention (DHAP) has developed a program of 

HIV surveillance in the US (42). This National HIV Surveillance System uses a 

uniform surveillance report form and case definition (42). AIDS reporting has started 

since 1981. As of 2018, all 50 states, the District of Columbia and six US dependent 

areas report confirmed HIV infection and AIDS cases to CDC (42). CDC provides 

funding and supports state and local health departments to collect the data (42). 

Information such as demographics (gender, age, race and place of diagnosis), 

transmission category (homosexual transmission, heterosexual transmission or 

mother to child transmission), opportunistic infections, antiretroviral drug use and 

vital status are collected (42). The CDC uses this information to understand the 

burden of HIV/AIDS and guides public health intervention at the federal, state and 

local level (42).  
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Viral Load (Plasma HIV-1 RNA) 

 Viral load is a measure of the quantitative volume of HIV-1 RNA in blood 

plasma. Examples of viral load tests include reverse transcriptase-polymerase chain 

reaction (RT-PCR), and qualitative transcription-mediated amplification. The test 

results are expressed in RNA copies per milliliter (copies/mL) (43).  

Viral load has been used to monitor HIV/AIDS prognosis. It has been used to 

monitor the effectiveness of treatment in HIV infected individuals. Apart from the 

important use of viral load to modify treatment, it is also used to determine whether 

an HIV infected patient will transmit the virus to another person. An undetectable 

viral load is defined as a viral load below 40 to 50 copies/ml. In some very sensitive 

tests, the cut point is set at 20 copies/ml. Undetectable equal Untransmittable (U = 

U) is a campaign advocating that HIV patients with undetectable viral load are a non-

transmittable source of HIV infection. These patients have no risk of transmitting HIV 

to their partner when engaging in unprotected sexual intercourse.   

Another important application of viral load is the concept of community viral 

suppression. Community viral suppression means the proportion of virally 

suppressed cases out of all people living with HIV. The CDC suggested that higher 

levels of community viral suppression reduce the HIV transmission rate in the 

community.   

Rationale  

 In previous literature, viral load is an effective surrogate that is found to be 

associated with HIV to AIDS progression time. It is also widely used by physicians to 

initiate and modify treatment among HIV infected patients. Despite this critical 

application of viral load, some studies found that the association between viral load 

and HIV to AIDS progression time is not strong. In order to emphasize the 
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importance of viral load as an HIV/AIDS prognostic parameter, it is essential to test 

the association on a different population. This study will confirm the direction of the 

effect of viral load on HIV to AIDS progression. Also, this evidence will support the 

concept of two important public health indicators which are U=U and community viral 

suppression.  

 The state of Michigan has the 10th largest population in the US (44). Although 

MDHHS continually reports prevalence, trend, mortality and other public health 

indicators, HIV to AIDS progression time and probabilities of HIV to AIDS 

development have not been reported. Our study is designed to describe the 

progression time from HIV diagnosis to AIDS development. Describing the 

progression time from HIV to AIDS in the state of Michigan will provide valuable 

information for MDHHS policymakers to classify HIV/AIDS as a chronic disease.  

Objectives   

The main objectives of the present study are 1.) to estimate AIDS-free 

probability from HIV diagnosis to development of AIDS in HIV positive cases over a 

period of 16 years in Michigan.  2.) to examine the role of viral load at the baseline 

level and its subsequent updates on progression time from HIV diagnosis to onset of 

AIDS.  
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METHODS 

Study Population and Design 

The study is designed as a retrospective cohort. The study population is 

sampled from the Michigan Department of Health and Human Services (MDHHS) 

HIV surveillance system.  

Since 1981, all HIV cases in the state of Michigan have been reported to 

MDHHS either through Confidential Case Report Forms or the Michigan Disease 

Surveillance System (MDSS-computer-based system). HIV/AIDS diagnoses follow 

the CDC protocols and guidelines (6,43). Patients’ personal information is de-

identified and stored in the HIV/AIDS reporting system (43).  

The de-identified data were obtained in collaboration with MDHHS. We built a 

retrospective cohort from the surveillance data. The study cohort includes all 

confirmed HIV positive cases between January 1, 2001, to December 31, 2008 (N= 

8,218). We examined the cohort’s HIV/AIDS laboratory tests and diagnosis status up 

to December 31, 2016. The data were received from MDHHS in August 2017. To 

ensure timeliness and completeness of the data, we decided to set the study end 

date on December 31, 2016. The median progression time to AIDS development 

from previous Western studies was approximately eight years (20),(21). Therefore, 

we will have at least an eight-year follow-up period.  

The analysis focuses on adults and adolescents; therefore, patients who were 

younger than 13-year-old were excluded (N = 8,147). Cases with an AIDS diagnosis 

within three months of an HIV diagnosis were excluded to eliminate the 

misclassification of acute HIV infection cases as AIDS cases (N = 5,542). In this 

study, we focused on baseline laboratory tests and its association with progression 
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time to AIDS. We define baseline laboratory tests as an initial test within six months 

after HIV diagnosis. Therefore, patients with initial viral load and CD4 cells count 

after six months of HIV diagnosis were also excluded to align with the baseline 

laboratory tests definition (N = 2,756).  Lastly, we excluded those cases with missing 

baseline viral load, and CD4 cells count information (N=2,290). Below, a flowchart of 

inclusion and exclusion criteria is presented in Figure 1. 

After the application of all the inclusion and exclusion criteria, the sample 

consists of 2,290 subjects. The study protocol was reviewed and approved by 

MDHHS Institutional Review Board (IRB). The data used in the study were collected 

for surveillance purposes and were de-identified by MDHHS staff before they were 

sent to the investigators. Therefore, the study was determined as not using "Human 

Subjects" and was exempt from further review by MSU and IRB.  
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Figure 1. Inclusion and exclusion criteria flowchart 
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Measurements 

HIV diagnosis  

 HIV diagnosis included those individuals who were classified as HIV positive 

either from laboratory tests or physician’s documentation according to CDC 1993 

guidelines (5). HIV laboratory positive tests were confirmed by positive results from 

HIV-antibody screening tests (HIV-1 IA, HIV-1 Ag/Ab, etc.) and followed by positive 

results on confirmatory tests, e.g., Western Blot (WB) test (43,45).  

AIDS diagnosis  

 AIDS diagnosis was defined by patients who have the test result of CD4 cells 

count < 200 cells/µL or CD4 cells percentage <14%. Alternatively, patients with an 

AIDS-defining opportunistic illnesses (OIs) were also considered as having AIDS 

regardless of their CD4 status. The AIDS stage can change in only one direction 

over time. For example, AIDS diagnosis status will not return to non-AIDS status 

when CD4 cells counts return to the level above 200 cells/µL (6). 

Follow-up Status 

 Follow-up status was either the diagnosis or vital status of a patient at the end 

of the follow-up time. Patients who were diagnosed as having AIDS were defined as 

AIDS cases (Follow-up status = 0). Patients who did not develop AIDS by the end of 

the study were defined as non-AIDS cases (Follow-up status = 1). Patients who die 

of other causes before the study end date were defined as death from other causes 

(Follow-up status = 2).  

Follow-up time  

Follow-up time for baseline model 

	 The follow-up time for AIDS cases was defined as the duration between HIV 

diagnosis date and AIDS diagnosis date. The date of HIV diagnosis was defined as 
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the earliest date that the specimen was collected and had a positive HIV test result if 

the diagnosis was based on laboratory evidence. If the diagnosis was based on 

physician documented evidence, the diagnosis date was defined as the on physician 

documented date on the medical record (6).  

The date of AIDS diagnosis was defined as the date of the earliest condition 

classifying the case as stage 3 HIV infection, either by CD4 laboratory test date or 

OIs diagnosed date (43). For patients who did not develop AIDS, the follow-up time 

was defined as the duration between HIV diagnosis date and the study end date. In 

case the patient died of other causes before the study end date, their follow-up time 

was defined as the duration from HIV diagnosis to their time of death.  

Follow-up time for time-varying model 

 Time-varying model had multiple instances of viral load measurements taken 

at multiple time points. The first follow-up time for every patient was the duration 

between the HIV diagnosis date and the first laboratory test sample date (either viral 

load or CD4 cells count). From this point on, the length between every laboratory 

sample date counted as a distinct follow-up time. Because most patients had 

multiple viral load and CD4 cells count tests, their second follow-up time was defined 

as the time of the first laboratory test date to the second laboratory test date. Their 

third follow-up time was defined as the time between the second laboratory test date 

and the third laboratory test date, and so on. The final follow-up time is the time 

between their final laboratory test and AIDS diagnosis date. Alternately, if a patient 

dies before AIDS diagnosis, the time between the final laboratory test and death was 

considered the final follow-up time. In case the patient did not die or develop AIDS 

until the end of the study, the time between the final laboratory test date and the end 

of the study was considered to be the final follow-up time.  



	16	

 The follow-up time was calculated by SAS using “INTCK” function. This 

function calculated the interval between two given dates and expressed the follow-up 

time in years.  

Viral load (Plasma HIV-1 RNA) 

Baseline viral load 

Baseline viral load was defined as the first viral load test reported within six 

months after HIV diagnosis.   

Baseline viral load category 

Given that viral suppression is an important parameter used to measure 

HIV/AIDS progression, we categorize all viral loads into three magnitudes to observe 

each category’s AIDS-free probability. The viral load was categorized and coded as: 

1 = <50 copies/mL, 2 = 50-200 copies/mL, and 3 = >200 copies/mL. Clinically, 

optimal viral suppression was defined as <50copies/mL (26). Viral suppression was 

defined as a confirmed detectable viral load £ 200 copies/mL (11). Viral load 

>200copies/mL was considered incomplete virologic response or virologic failure 

(26).  

Time-varying viral load  

The time-varying viral load was a collection of various viral load tests that 

started from the initial baseline test and continued until AIDS diagnosis date for 

those who were diagnosed with AIDS. For those who died within the study period, 

the test conducted until their death will be included in the study. Finally, for those 

who did not develop AIDS or die, the viral load tests from HIV diagnosis until the end 

of the study date was considered.  
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Absolute CD4 T-lymphocyte count (CD4 cells count) 

Baseline CD4 cells count  

CD4 cells count is a laboratory test of a blood specimen. Commonly, the 

technique of flow cytometry is used to measure CD4 in a blood sample. Unit of 

measurement is cells/µL. Baseline CD4 cells count was defined as the first result 

reported within six months after HIV diagnosis. 

Baseline CD4 cells count category 

 We categorized baseline CD4 cells count into four groups according to ART 

guidelines. Baseline CD4 cells count categories were coded as: 1 = <200 cells/µL, 2 

= 200-350 cells/µL, 3 = 350-500 cells/µL and 4 = >500 cells/µL. CD4 cells count 

were found to be more effective if starting ART when CD4 cells count >500 

cells/µL(26). However, the international AIDS society suggested starting the 

treatment when CD4 cells count drop below 350 cells/µL(46).  

Time-varying CD4 cells count  

 Time-varying CD4 cells count is a collection of various CD4 tests that started 

from the initial baseline test and continued until AIDS diagnosis date for those who 

were diagnosed with AIDS. For those who died within the study period, the test 

conducted until their death was included in the data. Finally, for those who did not 

develop AIDS or die, the CD4 tests from HIV diagnosis until the end of the study 

date was considered. 

Serological Testing Algorithm for Recent HIV Seroconversion (STARHS)  

This serological test indicates whether a patient is likely to have been infected 

within the last six months by testing HIV specific IgG Capture BED Enzyme 

Immunoassay (BED EIA) (43). The BED EIA quantifies the proportion of HIV-

antibodies IgG antibodies out of all IgG antibodies in the collected sample (43). In an 
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individual whose infection is long-term, there is a high level of HIV-specific antibodies 

in the sample. On the other hand, the level of HIV-specific IgG antibody in the 

sample is low in an individual with recent infection (43). Long-term infection indicates 

that the patients were infected with HIV more than six months before HIV diagnosis 

(43). Recent infection indicates that infection of HIV was within six months of HIV 

diagnosis (43).   

Race/Ethnicity 

 Race was categorized into four categories. The categories were defined and 

coded as 1 = Non-Hispanic Black, 2 = Non-Hispanic White, 3 = Hispanic, All races, 

and 4 = Others. The Hispanic, Non-Hispanic Black and White are original categories 

from the HIV surveillance system (43). Due to the small number of sample, we 

grouped American Indian, Pacific Islander, Not Hispanic American Indian, Native 

Alaska, Native Hawaiian, Pacific Islander, Asian and Multi-Race into Others. 

Gender  

 Gender was defined by a person’s sex at birth which includes male and 

female. We did not consider male to female or female to male transgender. The 

variable was coded as Male = M and Female = F. 

Age at HIV diagnosis  

 Age at HIV diagnosis was defined as the patient’s age at the time of HIV 

diagnosis that was reported in the surveillance data and calculated in years.  

Statistical Analysis 

The means of baseline viral load were compared by gender, race/ethnicity 

using t-tests or ANOVA F-tests, as appropriate. As continuous variables, correlations 

were obtained between baseline viral load, age at HIV diagnosis, and CD4 cell 

count. Fisher Z test was used to determine the correlation between baseline CD4 
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cells count and baseline viral load. Also, the Z test was used to examine the 

relationship between age at HIV diagnosis and baseline viral load. As a preliminary 

analysis compared AIDS cases and non-AIDS cases, by gender, race/ethnicity, CD4 

cell count and age at HIV diagnosis using Chi-square tests or t-tests.  

Kaplan Meier Analysis 

We carried out a Kaplan Meier analysis of duration from HIV diagnosis to 

development of AIDS.  Duration is measured from HIV diagnosis date to the AIDS 

diagnosis date if observed. AIDS patients were not followed beyond their AIDS 

diagnosis date. If the AIDS event was not observed, the last follow-up date was 

used. Censoring events are: death from any cause (prior to AIDS diagnosis), or alive 

without AIDS, at last, follow up. We estimated Kaplan-Meier survival curves—that is, 

the probability of being AIDS-free, in strata defined by race, gender, baseline CD4 

cells count categories and baseline viral load categories. The log-rank test was used 

to compare survival curves. 

Cox Proportional Hazard Models	

Cox proportional hazard models were built to analyze the associations 

between baseline viral load or time-varying viral load and their associations with the 

progression time from HIV diagnosis to onset of AIDS. The event of interest was 

AIDS diagnosis. Time variables used in these models were the follow-up times 

described above. The independent variable was log baseline or time-varying viral 

load. Previous research suggest that the baseline CD4 cells count, race, gender, and 

age at HIV diagnosis might affect AIDS progression time (37,47,48). Therefore, we 

used these covariates in our multivariable proportional hazard model.  

In the time-dependent Cox proportional hazard model, the viral load and CD4 

cells count for each patient were updated at different time points throughout the 
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course of treatment. Time points at a determination of viral load and CD4 cells count 

were not necessarily the same. Therefore, if an observation time point had the viral 

load, but not the CD4 value, we replaced the ‘missing’ value by the most recent non-

missing value. The same method was applied to fill a missing viral load at a time 

point that had a CD4 value. 

  Due to the wide range of viral load (from 0 - 29,000,000 copies/mL), and 

positive skewness of its distribution, we used the log-transformed viral load in our 

models. However, because a small proportion of our sample had zero values, we set 

up two variables: [1] a binary indicator X1	:  X1 = 0 if viral load =0, and X1=1 if viral 

load > 0. 

[2] X2 = log (viral load/c) if X1=1. The value c is an arbitrary. If	X1 = 0 the value of X2 is 

arbitrary (not missing). For proper interpretation in the proportional hazard model, 

both X1 and X2 are used: for example, suppose the log relative hazard: 

( ) b b= +1 2 0 1 1 2 1 2log ( | , ) / ( )h t X X h t X X X . Then

( ) ( ) b b= - = = +1 2 0 1 2 0 1 2 2log ( | 1, ) / ( ) log ( | 0, ) / ( )h t X X h t h t X X h t X , and b1 is the difference 

in log relative hazard comparing a patient is a positive viral load (=c) versus a patient 

who has zero viral load. Similarly compare a subject with viral load =kx, to a subject 

with viral load =x, 

( ) ( ) b= = - = = =1 2 0 1 2 0 2log ( | 1, log( / )) / ( ) log ( | 1, log( / )) / ( ) logh t X X kx c h t h t X X x c h t k , 

which gives an interpretation of b2 .  

 In this study, we stressed precision of the study estimates with a focus on 

95% confidence intervals; p-values were presented as an aid to interpretation. All 

data analysis for this study was generated using SAS software, Version 9.4. 

Copyright © 2002-2012. SAS Institute Inc., Cary, NC, USA.  
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RESULTS 

Table 1 presents a description of the study sample. Among the 2,290 subjects 

diagnosed with HIV, by the end of the study, 37% were diagnosed with AIDS 

whereas 57% were without AIDS, and 6% died from other causes. The majority of 

the sample (57%) are Non-Hispanic Black followed by 35% Non-Hispanic Whites. In 

contrast, Hispanic and Others races only made up 8% of the total sample. The study 

sample consisted of 75% male and 25% female. STARHS shows that 10% of the 

study sample had a recent HIV infection. Mean age at HIV diagnosis was 34.06 

years (SD: 11.18). The mean baseline CD4 cells count was 500.25 cells/µL (SD: 

255.17) and mean log viral load at baseline was 9.65 (Log copies/mL) with the 

standard deviation of 2.05. 

The comparison between the analytic sample and the subjects excluded due 

to missing viral load and CD4 value is also presented in Table 1. The number of 

subjects excluded due to missing value (N = 466) made up of 17% of the dataset (N 

= 2756). Comparisons between the two samples show that there is a significant 

difference in the distribution of race and follow-up status. Also, the mean age at HIV 

diagnosis between the two samples is significantly different. The other variables 

such as gender and follow-up time are not significantly different between the two 

samples. Although some of the demographic variables between the two sample are 

significantly different, it is considered acceptable to exclude missing observations 

from the dataset if the number of missing observations are below 20% of the dataset 

(49). Additionally, the analytic sample is large with enough power to detect the effect 

of viral load between AIDS cases and non-AIDS cases.  
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Table 1. Characteristics of 2,290 HIV patients diagnosed with HIV between 2001-
2008 
Variables Analytic Sample   

N = 2290 
Excluded Sample 

N = 466 
P value 

Gender, n (%)      
 Male 1728 (75.5) 333 (71.5) 0.07** 
 Female 562 (24.5) 133 (28.5)  
       

Race, n (%)      
 Non-Hispanic Black 1304 (56.9) 300 (64.4) <.0001** 
 Non-Hispanic White 810 (35.4) 119 (25.5)  
 Hispanic 96 (4.2) 30 (6.4)  
 Others 80 (3.5) 17 (3.7)  
      

Follow-up status, n (%)      
 Non-AIDS cases 1296 (56.6) 285 (61.2) <.0001** 
 AIDS cases 849 (37.1) 51 (10.9)  
 Death with other causes 145 (6.3) 130 (27.9)  
      

STARHS Interpretation*, n 
(%) 

     

 Long-term infection 444 (19.4) 38 (8.2) 0.94** 
 Recent infection 229 (10.0) 20 (4.3)  
       

Age at HIV diagnosis 
(Years) 

     

 Mean (SD) 34.06 (11.18) 37.16 (12.01) <.0001*** 
 Range 13 - 79  16 - 78  
       

Follow-up time (Years)      
 Mean (SD) 8.14 (4.49) 8.36 (5.38) .27*** 
 Range   4.49 - 15.83   1.83 - 15.25  
      

Baseline CD4 Cells count 
(cells/µL) 

     

 Mean (SD) 500.3 (255.2) N/A  
 Range       0 - 2610    
     

Baseline viral load 
(copies/mL) 

     

 Mean (SD) 0.1×106 (0.8×106) N/A  
 Range          0 - 29×106    
      

Baseline Log viral load*  
(Log of copies/mL) 

     

 Mean (SD) 9.65 (2.05) N/A  
 Range   0.96 - 17.19    

Missing data analytic sample: STARHS interpretation (N = 1617) 
Missing data excluded sample: STARHS interpretation (N = 408) 
*Baseline log viral load did not include zero value observations (N = 13) 
**Chi-square test of two-sample proportion 
*** Pooled variance two-sample t-test  
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 Kaplan Meier analysis in Figure 2. shows that among 2,290 people with HIV 

diagnosis, 25% of the patients developed AIDS by 4.92 years after HIV diagnosis.  

At 5 years after HIV diagnosis 74.6% did not develop AIDS (95% Confidence Interval 

[CI]: 72.7-76.3%). The AIDS-free probability dropped drastically to 63.5% (CI: 61.4-

65.5%) by the 10th year after HIV diagnosis. After that, the AIDS-free probability 

gradually declined. At the 15th year, 56.4% (CI: 53.5-59.2%) of the patients were 

without AIDS. The median progression time from HIV to AIDS development was 

expected to be longer than 15 years. 

Figure 2. Kaplan-Meier curve of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk 
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 We obtained Kaplan Meier curves stratified by baseline viral load categories; 

baseline CD4 cells count categories, race, and gender.  

 In Figure 3, we present the AIDS-free probability by baseline viral load 

categories. Overall, there is a significant difference in the AIDS-free probabilities by 

baseline viral load (log-rank test p<.0005). The group with the lowest viral load had 

the highest AIDS-free probabilities. At 10 years from HIV diagnosis the AIDS-free 

probability in patients with baseline viral load below 50 copies/mL was 90.6% (CI: 

73.7%-96.9%); in patients with baseline viral load between 50 to 200 copies/mL, the 

estimate was 77.6%(CI: 62.8-87%), and in patients whose baseline viral loads were 

above 200 copies/mL, the estimate was 62.4% (CI: 60.3-64.5%).  

Figure 3. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by baseline viral load categories 
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 Demonstrated in Figure 4, are the Kaplan Meier curves stratified by three 

categories of CD4 cells count. Overall, there is a significant difference in AIDS-free 

probabilities (p <.0001). However, comparing patients with baseline CD4 cells count 

of 200-350 and 350-500 cells/µl, the AIDS-free probability is not significantly different 

(p =0.98). On the other hand, the probability of developing AIDS for patients with 

CD4 cells count above 500 cells/µl was significantly different from the other groups. 

By the end of the study, the AIDS-free probability of patients with baseline CD4 cells 

count above 500 cells/µl was 62.9% (CI: 60-67.6%). For patients with baseline CD4 

cells count of 200-350 and 350-500 cells/µl, the AIDS-free probabilities were 55.6% 

(CI: 49.6-61.2%) and 56.2% (CI: 51.3-60.8%), respectively. 

 AIDS diagnosis is heavily influenced by the level of CD4 cells count due to the 

nature of AIDS definition. In our sample, 95% of patients with baseline CD4 cells 

count <200 cells/µl were diagnosed as having AIDS within one year of HIV 

diagnosis. Therefore, in Figure 4 we did not show patients with CD4 cells count 

below 200 cells/µl. 

  



	26	

Figure 4. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by baseline CD4 cells count categories 
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 Figure 5. shows that there was a significant difference in the AIDS-free 

probability by race (p <.0001). Non-Hispanic White had the highest AIDS-free 

survival probability 15 years after HIV diagnosis at 67.4% (CI: 63.3-71.1%). They 

were followed by Hispanic and Others races with 55% (CI: 41.5-66.6%) and 53.5% 

(CI: 41.7-63.9%) of AIDS-free probability, respectively. On the contrary, the worst 

AIDS-free probability was among Non-Hispanic Black at 49.6% (CI: 45.3-53.8%) 

after 15 years.   

Figure 5. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by race 
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 There was no significant difference in AIDS-free survival probability between 

gender. AIDS-free survival probability at 15 years after HIV diagnosis was 57.2% (CI: 

53.7-60.5%) for males and 53.7% (CI: 48.4-58.8%) for females (Figure 6). 

Figure 6. Kaplan-Meier curves of AIDS-free probability after HIV diagnosis with the 
number of subjects at risk by gender  
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 Table 2 shows the univariate analysis between the log of baseline viral load 

and other covariates. We present the mean of baseline log viral load of each stratum 

of gender and race. Males had a higher mean baseline log viral load than females. 

The statistical test shows that between male and female, the means of baseline log 

viral load were significantly different (p < .0001). Non-Hispanic White had the highest 

mean baseline viral load, followed by Hispanic, Others, and Non-Hispanic Black. 

ANOVA test shows a significant difference of viral load among races (p < .0005). 

Baseline CD4 cells count was negatively correlated with baseline log viral load, while 

the age at HIV diagnosis was not associated with baseline log viral load.  

Table 2. Baseline log viral load and its relationship with other covariates  

 Baseline log viral load#  
(Log of copies/mL),  

Mean (SD) 

P-Value 

Gender    
 Male 9.19 (2.03)  < .0001* 
 Female 9.80 (2.04)  
    

Race    
 Non-Hispanic Black 9.51 (1.97) < .0001** 
 Non-Hispanic White 9.88 (2.17)  
 Hispanic 9.67 (2.03)  
 Others 9.48 (1.99)  
    

 Baseline log viral load  
(Log of copies/mL) 

P-Value 

Baseline CD4 cells count (cells/µL)   𝜌 = - 0.26 < .0001*** 
   

Age at HIV diagnosis (Years)  𝜌 = 0.04 .04*** 
    

#Baseline log viral load did not include zero value observations (N = 13) 
*Pooled t-test  
**ANOVA F test  
***Fisher Z test 
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 In Table 3, we compare the distribution of covariates between AIDS and non-

AIDS cases. Non-AIDS cases here include patients who did not develop AIDS and 

patients who died of other causes before the study end date. Means of baseline CD4 

cells count and age at HIV diagnosis among AIDS and non-AIDS cases are also 

reported. The Chi-square and t-test were performed, and the results show that there 

are significant differences by race and baseline CD4 between the AIDS cases and 

non-AIDS cases. However, there is no significant difference by gender and age at 

HIV diagnosis. 

Table 3. AIDS diagnosis status and its relationship with other covariates  

 Non-AIDS  
Cases# 

(n = 1441) 

AIDS  
Cases 

(n = 849) 

P-Value 

Gender, n (%)    
 Male 1101 (76) 627 (74)  .17* 
 Female 340 (24) 222 (26)  
     

Race, n (%)    
 Non-Hispanic Black 762 (53) 542 (64) < .0001* 
 Non-Hispanic White 576 (40) 234 (28)  
 Hispanic 59 (4) 37 (4)  
 Others 44 (3) 36 (4)  
     

Baseline CD4 cells count 
(cells/µL), Mean (SD) 

538.93 (261.01) 434.60 (230.49) < .0001** 

     

Age at HIV diagnosis (Years),  
Mean (SD) 

34.06 (11.08) 34.06 (11.35) .99** 

#Non-AIDS cases included HIV negative cases and death from other causes prior to AIDS 
development 
**Pooled t-test  
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 We built Cox regression models for both baseline and time-varying viral load. 

We included gender and age at HIV diagnosis in the model. The univariate analysis 

does not show a significant association between these variables and our primary 

variables of interest, but these two variables were found to be correlated with the 

progression time to development of AIDS according to previous literature (40). 

Therefore, we included them in our models. 

 Multivariable Cox regression models were used. Table 4 shows the baseline 

model with only baseline information on viral load and CD4 cells count. The baseline 

model shows that for every increase in 1 unit of Log copies/mL baseline viral load, 

the hazard ratio of AIDS diagnosis was 1.09 (CI: 1.05-1.13). High baseline CD4 cells 

count was found to prolong the progression time to AIDS with a hazard ratio of 0.91 

(CI: 0.90-0.93) for every increment of CD4 cells count of 50 cells/µL. The model 

shows that the hazard ratio of developing AIDS among Non-Hispanic White was 0.64 

(CI: 0.55-0.75) compared to Non-Hispanic Black. There was no significant difference 

in the hazard ratio between Hispanic and Others compared to Non-Hispanic Black. 

In both baseline and time-varying models, gender and age at HIV diagnosis were not 

significantly associated with progression time to AIDS. 
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Table 4. Cox proportional multivariate model with baseline variables 

 Baseline model  
Hazard ratio  

(95% CI) 

P-Value 

Log baseline viral load*  1.09 (1.05-1.13) < .0001 
   

Baseline CD4 cells count**  0.91 (0.90-0.93) <.0001 
   

Age at HIV diagnosis*** 1.06 (0.99-1.13) .06 
   

Gender   
 Male Ref.  
 Female 1.10 (0.94-1.29) .22 
    

Race   
 Non-Hispanic Black Ref. <.0001 
 Non-Hispanic White 0.64 (0.55-0.75)  
 Hispanic 0.95 (0.68-1.33)  
 Others 1.18 (0.84-1.65)  

* For every 1-unit increase of log copies/mL 
** For every increase of 50 cells/µL   
*** For every increase of 10 years  
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 The time-varying variables of viral load and CD4 cells count were added to a 

new model. This model included not only the baseline laboratory tests but also their 

subsequent updates until the study endpoint. Figure 7 shows the percentage of the 

number of viral load tests taken by each patient. Some patients had only one record 

of the viral load while some patients had up to 46 records. The majority of patients in 

our sample had taken one to five viral load tests during the study period.  

Figure 7. Percentage of patients' contribution to the number of viral load tests in 
time-varying model  
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 Five patients were randomly selected from the sample to illustrate the level of 

time-varying viral load in Figure 8. Patient A’s viral load never reached an 

undetectable level during the study. Patient B’s viral load were maintained at the 

same level for an extended period and dropped to zero towards the end of the study. 

Meanwhile, Patient C’s viral load dropped to zero for several months but then 

increased again, and the level was higher than the initial level. In contrast, Patient E 

could maintain a non-detectable viral load. This figure shows that time-varying viral 

load of each patient in our dataset fluctuated and varied.   

Figure 8. Viral load test results of five patients follow HIV diagnosis date 
	

 

   



	35	

  The hazard ratio of AIDS diagnosis for every unit increase in log viral load 

was 1.05 (CI: 1.03-1.07) for the time-varying model. Similar to the baseline model, 

the higher viral load suggested a shorter progression time to AIDS. The association 

between the viral load and the disease progression time was significant (p < .0001). 

Low CD cells count was also found to be significantly associated with HIV to AIDS 

progression. For every increase in 50 cells/µL of CD4 cells count, the hazard ratio of 

AIDS diagnosis was 0.55 (CI: 0.54-0.56). The associations of other covariates were 

similar to the baseline model. Age at HIV diagnosis, gender, and race were found to 

be non-significant in this model.  

Table 5. Cox proportional multivariate model with time-varying variables 

 Longitudinal model  
Hazard ratio  

(95% CI) 

P-Value 

   

Log viral load* 1.05 (1.03-1.07) <.0001 
   

CD4 cells count**  0.55 (0.54-0.56) <.0001 
   

Age at HIV diagnosis*** 1.03 (0.97-1.10) .30 
   

Gender   
 Male Ref.  
 Female 1.06 (0.91-1.23) .46 
    

Race   
 Non-Hispanic Black Ref. .28 
 Non-Hispanic White 0.90 (0.77-1.06)  
 Hispanic 1.19 (0.85-1.67)  
 Others 1.12 (0.80-1.56)  

* For every 1-unit increase of log (1+ viral load copies/mL) 
** For every increase of 50 cells/µL   
*** For every increase of 10 years 
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 Table 6 presents the association of viral load and HIV diagnosis to AIDS 

development in both adjusted and unadjusted models. In the unadjusted model, the 

hazard ratio of AIDS development was 1.27 (CI:1.09-1.17) for every unit increase of 

baseline log viral load. After adjusting for CD4 cells count, age at HIV diagnosis, 

gender, and race, the hazard ratio dropped to 1.09 (CI:1.05-1.13). The same is true 

for the time-varying viral load; the hazard ratio for every unit increase in time-varying 

log viral load was 1.35 (CI:1.31-1.38). When adjusted for the covariates mentioned 

above, the hazard ratio fell to 1.05 (CI:1.03-1.07). 

Table 6. Unadjusted and adjusted hazard ratios 

 Unadjusted 
Hazard ratio  

(95% CI) 

 
  P-Value 

Adjusted  
Hazard ratio*  

(95% CI) 

 
  P-Value 

Log viral load 
(baseline 
model)   

1.27 (1.09-1.17) < .0001 1.09 (1.05-1.13) < .0001 

     

Log viral load 
(time-varying 
model)  

1.35 (1.31-1.38) < .0001 1.05 (1.03-1.07) < .0001 

* The models were adjusted for CD4 cells count, race, gender, and age at HIV diagnosis 
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DISCUSSION 

 Our study was conducted to estimate the progression time from HIV diagnosis 

to the development of AIDS. Furthermore, the study confirmed that viral load is a 

valuable predictor of AIDS progression. Before a detailed discussion of these results, 

several important limitations of the study need to be addressed.   

 First of all, our data are secondary data extracted from HIV surveillance data. 

Our analyses were restricted to data that were available to us. In our dataset, we 

could not get information on patients that were not in medical care. Moreover, we 

assume that by the end of the study patients who did not develop AIDS were still in 

the surveillance system and their diagnosis status was updated and concluded.  

Another limitation is with respect to the study assessment of HIV diagnosis 

date. The dates recorded in the surveillance system were dates that HIV infected 

patients came to seek medical care. There might be an underlying period between 

the HIV infection date to HIV diagnosis date. Therefore, HIV diagnosis dates used in 

this study cannot indicate the actual HIV infection dates. The time to event (AIDS) is 

assessed from the HIV diagnosis date to AIDS diagnosis date. 

Another limitation of the study is the precision of AIDS diagnosis. In this study, 

AIDS diagnosis is defined by surveillance definition which considered every case 

that has CD4 cells count below 200 cells/µL as an AIDS case. However, as 

mentioned above, the CD4 count can drop below 200 cells/µL in the acute HIV 

infection phase. The acute HIV infection might be misclassified as AIDS. In the 

analysis, we excluded those with concurrent HIV and AIDS diagnosis to account for 

the misclassification. Nonetheless, the misclassification was not guaranteed to be all 

excluded.  
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With respect to the availability of the data, ART which is considered a 

significant factor that affects progression time to AIDS was not included in the model 

due to more than 70% of missing information on ART used in our dataset. Similarly, 

38% of patients diagnosed between 2001 to 2008 were excluded because of missing 

baseline viral load and CD4 cells counts data. 

Despite the study limitations, our results show the important role of baseline 

and its subsequent updates of viral load and CD4 cells count in predicting HIV/AIDS 

disease progression.  

Our study reported the progression time from HIV diagnosis to AIDS 

diagnosis. Among HIV patients in Michigan, 56% of HIV diagnosed patients did not 

develop AIDS at the 16th year after HIV diagnosis. The median time to AIDS 

development is expected to be longer than 16 years. Compared to previous data 

where the median time to AIDS diagnosis was 2-9 years (21,22), our estimation is 

relatively long. In our Kaplan Meier analyses, precise statistical estimation of the 

median time was not feasible. We suspect that the median time of AIDS 

development might be overestimated because we excluded from study those 

subjects who were concurrently diagnosed with HIV and AIDS. Although we have the 

precision of AIDS cases by excluding the misclassification between acute HIV 

infection and AIDS, we still lost patients who developed AIDS at an early stage 

following their HIV infection. Another reason for the difference in progression time 

that was observed in our study might be due to the extensive use of ART and other 

medical intervention in the state of Michigan. Future study should focus on the role of 

ART and disease progression time. Furthermore, different types of ART and the 

variability of initiation time of ART are essential areas to explore. 
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Kaplan Meier curves show that patients with the initial viral load below 50 

copies/mL had a 90% AIDS-free probability after 15 years. Furthermore, higher 

categories of viral load had lower AIDS-free probabilities. In other words, virally 

suppressed patients are not likely to develop AIDS within 15 years. This indicates 

that viral load is associated with disease progression.  

 The study shows that viral load is an effective predictor of AIDS progression. 

The baseline viral load data is a strong predictor with every one-unit increment 

predicting a 27% increase in the hazard of AIDS development. After adjusting for 

covariates, the baseline viral load predicts 9% of AIDS development hazard. This 

result reassures the importance of using viral load as HIV/AIDS prognosis. In other 

words, higher viral load at initial test within six months after HIV diagnosis is 

associated with shorter time to AIDS development. The time-varying Cox regression 

model also shows that time-varying viral load is a reliable predictor of disease 

progression, with a 5% increase in the hazard of AIDS diagnosis after adjustment. 

The results suggest that constantly measuring the viral load is crucial to 

understanding the disease projection in an HIV positive patient. After adjusting for 

covariates such as CD4 cells count, race, gender, and age at HIV diagnosis, the 

hazard ratios dropped from 1.27 to 1.09 in the baseline model and from 1.35 to 1.05 

in the time-varying model. This might be due to the confounding effect of CD4 cells 

count. Nonetheless, the results reported in this study are consistent with previous 

studies that viral load is an important predictor of AIDS development (50). 

Furthermore, it is important to measure the viral load longitudinally as it provides 

substantial evidence for disease progression.  

 Our models show that CD4 cells count can also reliably predicts disease 

progression. Low baseline CD4 cells count is associated with shorter progression 
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time to AIDS. For an increment of baseline CD4 by every 50 cells/µL, it is associated 

with a 9% decrease of the expected hazard of AIDS development. The time-varying 

model shows the stronger effect of CD4 cells count, the hazard ratios for every 

increment of 50 cells/µL of the CD4 count is 0.55 (CI: 0.54-0.56). 

The results also reinforced the importance of CD4 cells counts on AIDS 

progression. Our results are consistent with previous studies exploring the predictive 

value of CD4 in AIDS progression (24,27,51). However, Moore et al. (2009) 

suggested that among virally suppressed patients, CD4 cells count are not 

significantly associated with progression time to AIDS (25). The effect of CD4 among 

virally suppressed patients and its interaction with viral load is another interesting 

area to explore in future research. 

 Our study confirms that HIV to AIDS progression differs by race. This result is 

consistent with previous studies where Non-Hispanic Black had the worst prognosis 

after HIV diagnosis (37). Poorer survival of Non-Hispanic Black compared to White 

may be due to inadequate access to medical care, inconsistent treatment, and 

diagnosis at the later stage of the disease. Nevertheless, a study by Grigoryan et al. 

(2009) shows that Asian/Pacific Islander had the worst AIDS-free survival probability 

(38). We consider that the differences observed are due to the small number of 

Asian/Pacific Islanders in our sample. Moreover, we collapsed this group into Others 

races which makes it impossible to analyze Asian/Pacific Islander separately.   

 We did not observe a difference in AIDS-free probability by gender. Some 

previous studies regarding progression time to AIDS have shown differences 

between gender. Our result is consistent with past studies conducted in the US and 

Spain in the 1990s (19,39). However, it contradicts a recent study from Kenya which 
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suggested that females have higher AIDS-free probability than males (40). The 

contradiction might be due to differences in the study period and study population.  

 Hall et al. (2006) examined demographic factors and their association with 

AIDS progression using US national HIV surveillance data. Their results show that 

age at HIV diagnosis is an important indicator for disease prognosis because the 

immune function of older subjects is weaker than in young people. Thus, the 

progression time from HIV diagnosis to AIDS when diagnosed at an older age is 

shorter (37). Generally, the human immune system diminishes significantly after the 

age of 60 (52). However, our study did not show an association between age at HIV 

diagnosis and progression time to AIDS. This might be due to an inadequate number 

of older ages in our sample size. Our sample only consisted of 2% of HIV cases that 

were diagnosed when they were above the age of 60.  

  



	42	

CONCLUSION  

 Our study observes that the viral load at baseline and its subsequent updates 

over time are essential in clinical use for HIV/AIDS prognosis. This is especially true 

for the value of viral load in predicting progression time to AIDS development, 

following an HIV diagnosis. Confirming the effect of viral load on the progression of 

HIV infection to AIDS will guide future studies to evaluate different combinations of 

anti-retroviral drugs to slow such progression of HIV infection to AIDS. By monitoring 

the viral load over time, researchers can predict the progression time and evaluate 

the effectiveness of ART. In addition, the study emphasizes that HIV-infected 

individuals with high viral load should receive better preventive care and reduction of 

their exposure to infectious diseases associated with fatal outcomes among AIDS 

patients.  
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