





ABSTRACT
Since the introduction of combination antiretroviral therapy (cART), individuals with HIV live a fairly normal life, although some develop neurocognitive impairment. HIV-associated neurocognitive disorder (HAND) is the term used to describe these neurocognitive impairments within the HIV population, and include asymptomatic neurocognitive impairment (ANI), mild neurocognitive impairment (MND), and HIV-associated dementia (HAD). The purpose of this paper is to evaluate the diagnostic criteria for HAND used by investigators in the Multicenter AIDS Cohort Study (MACS). Two MACS studies examined the rates of HAND in the HIV+ and HIV- men and found similar prevalence rates of HAND (31.82% and 31.89%), ANI (16.23% and 15.75%), MND (12.99% and 11.81%), and HAD (2.6% and 4.33%). These rates suggest that the methods used to diagnose HAND do an inadequate job to distinguish between HIV+ and HIV- individuals. Better diagnostic criteria for HAND need to be developed to improve classification of the clinical spectrum of HAND. One way to improve the accuracy of diagnosis of HAND is to apply the Rasch analysis when analyzing the diagnostic criteria of MACS. This would help with the monitoring of disease progression, change or adjustment of cART, and identification of risk factors. By monitoring the progression of HAND, clinicians will be able to change or adjust cART as needed and help identify risk factors, which can help to alleviate public health concerns. The public health concerns associated with HAND are unemployment, social decline, lack of adherence to medications, and a poorer quality of life. 
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1.0  Introduction

In the 1980’s, the first cases of human immunodeficiency virus (HIV) were detected and since then HIV has caused about 78 million infections and killed almost 39 million people (HIV/AIDS, n.d.). With the introduction of combination antiretroviral therapy (cART) in 1996, survival rates of those infected dramatically increased to the point of nearly normal life expectancies.

Since the introduction of cART, individuals with HIV have near normal life expectancies and they are now more at risk of comorbidities associated with HIV because of this. Neurocognitive disorders associated with HIV, such as subacute encephalitis (Snider et al., 1983), AIDS dementia complex (Navia and Price, 1987), and HIV encephalopathy (Levy and Bredesen, 1988), have been researched since 1983, with the criteria for HIV-associated neurocognitive disorder (HAND) being published in 2007 by Antinorie and colleagues (Antinorie et al., 2007). HAND has three categories: asymptomatic neurocognitive impairment (ANI), mild neurocognitive disorder (MND), and HIV-associated dementia (HAD). With the introduction of cART, the overall rates of HAND have stayed about the same, but they have shifted in which category is most prevalent, from more severe forms to milder forms. Between 2007 and 2012, the rates of HAND in those with HIV from the Multicenter AIDS Cohort Study (MACS) were: 14% ANI, 14% MND, and 5% HAD (Sacktor et al., 2016). Before the introduction of cART, the prevalence of HAD was about 10-20% (McArthur et al., 1993; Janssen et al., 1992). 
The purpose of this essay is to evaluate the MACS on the diagnostic criteria for the diagnosis of HAND. Because of the shift in prevalence of HAND severity from more severe to less severe, better diagnostic criteria for identifying HAND need to be developed. Since there is no gold standard for HAND, the MACS sensitivity for HAND (a true positive rate) and specificity (a true negative rate) are not known (Lalkhen & McCluskey, 2008). Examining rates of HAND in the HIV+ and HIV- individuals within MACS will allow for further insight into the possible sensitivity and specificity of their diagnostic criteria. The evaluation of the MACS HAND diagnostic criteria will be analyzed with previously completed MACS studies, which compared HIV+ and HIV- individuals.
2.0  HIV-ASSOCIATED NEUROCOGNITIVE DISORDER (HAND)
2.1 THE HISTORY OF HAND
The term HIV-associated neurocognitive disorder (HAND) was developed in 2007, along with other neurocognitive disorders that were researched since 1983. At first, AIDS patients started demonstrating signs in the central or peripheral nervous system (Snider et al., 1983), which by 1983 was coined “subacute encephalitis.” It was not until 1987 that Navia and Price came up with the term “AIDS dementia complex” to describe what HIV patient’s brains were enduring (Navia and Price, 1987). In 1988, it was found that “HIV encephalopathy” was the most common complication of AIDS (Levy and Bredesen, 1988). 

In 1988, Price and Brew established the first guidelines and testing criteria for HIV-associated dementia (HAD) (Price & Brew, 1988). They based their scale on 6 points; 0, .5, 1, 2, 3, and 4; where 0 is normal mental and motor functioning, .5 is subclinical, and 4 is the vegetative stage. This scale is mainly used to assess neurological and neuropsychological disorders, which is based on functional disability. Overall, Price and Brew’s scale does an adequate job of assessing HAD and is still used today by many institutions. 

It was not until 1991 that an article was published to help standardize the terminology associated with HAD. The American Academy of Neurology AIDS Task Force wrote a paper to arrive at a consensus for the terminology and criteria to diagnose neurological disorders associated with HIV. Their findings were similar, but not identical to, the international classifications of diseases-10 (ICD-10) (“Nomenclature and research,” 1991). 

In 1995, to make bedside testing more reliable, Power et al. developed a brief screening tool to assist in and get a better understanding of all processes associated with HAD research. The HIV dementia scale (HDS) was shown to identify HAD more consistently than the mini mental state examination, which was used frequently.

In 2003, there was a study that revised Price and Brew’s Northeast AIDS Dementia (NEAD) Consortium test criteria for HAD (Marder et al., 2003). In this study, Dana Consortium recruited participants similar to the NEAD study, with one of their primary aims being to address minor cognitive disorders. To make this change, they operationalized the definitions of each stage and used inter-rater reliability. It was found that this newly operationalized rating scale was useful for staging HAD in longitudinal studies.

To update the terminology, the US National Institute of Mental Health created a panel in 2007 to evaluate case definitions of HAD (Antinori et al., 2007). They proposed to change HAD to HIV-associated neurocognitive disorder to encompass asymptomatic neurocognitive impairment, as well as mild cognitive impairment and HIV-associated dementia.
2.2 THE INFLUENCE OF ANTIRETROVIRAL DRUGS ON HAND
The first therapy developed for HIV-infected individuals was Azidothymidine (AZT), also known as Zidovudine (ZDV). Studies, including a double-blinded placebo-controlled study (Schmidt et al., 1988), proved that AZT therapy decreased the mortality of HIV-infected individuals, while showing improvements in numerous cognitive areas (Yarchoan et al., 1987). As the field tried to develop more effective treatments for HIV and AIDS, they started looking at protease activity in replication of HIV. In 1995, Saquinavir, a protease inhibitor, showed efficacy in raising CD4+ cells and decreasing the viral load in plasma (Kitchen el al., 1995). These findings led to two more drugs being developed the following year, Ritonavir and Indinavir (Folkers, 1996); Saquinavir is typically used in combination with Ritonavir and Indinavir. After the development and administration of each drug individually, resistance to each drug began to occur, which led to the combination of the drugs into one. Combination antiretroviral therapy (cART), as it would become known, showed reduction in HIV disease progression. This also led to a double-blind study showing that triple combination therapy, compared to the double, preserved or improved neuropsychological performance more efficaciously (Ferrando et al., 1998). 

Prior to the introduction of combination antiretroviral therapy (cART) in 1996, HAND was a progressive degenerative neurocognitive disorder that closely resembled dementia. In the HIV-infected individuals, dementia was a common source of morbidity and mortality. HAND was associated with the progression of death within months (Sacktor & Robertson, 2014). The neurocognitive disorders were usually observed in the late stages of AIDS, where the patients had CD4+ counts below 200 cells/mL (Ances and Ellis, 2007). Before cART was established as a credible treatment, the annual incidence of HAD was seven percent and had a cumulative risk of five to twenty percent (McArthur, 2004).
2.3 Stages of Hand
In 2007, Antinori et al. proposed to change HIV-associated dementia to HIV-associated neurocognitive disorder. This classification includes the entire spectrum of neurological disease, such as asymptomatic neurocognitive impairment (ANI), minor neurocognitive disorder (MND) and HIV-associated dementia (HAD). This paper’s scale was developed because “standardized procedures should be followed whenever possible, both to collect the needed information and to interpret that information to make three types of determination: 1) the presence and severity of neurocognitive impairment, 2) the presence and severity of functional decline, and 3) the degree to which cognitive impairment or functional decline are likely to have been influenced by comorbid conditions or confounds (including HIV-related opportunistic CNS conditions, or unrelated developmental, psychiatric, or neuromedical confounds)” (Antinorie et al., 2007). 
ANI, MND and HAD are further elaborated by Antinori et al. as:

Asymptomatic neurocognitive impairment (ANI)
1. Acquired impairment in cognitive functioning involving at least two ability domains, documented by performance of at least 1.0 SD below the mean for age-education-appropriate norms on standardized neuropsychological tests†.

2. The cognitive impairment does not interfere with everyday functioning.

3. The cognitive impairment does not meet criteria for delirium or dementia.

4. There is no evidence of another pre-existing cause for the ANI.

Mild neurocognitive disorder (MND)
1. Acquired impairment in cognitive functioning involving at least two ability domains, documented by performance of at least 1.0 SD below the mean for age-education-appropriate norms on standardized neuropsychological tests†.

2. Typically, this would correspond to a Memorial Sloan Kettering scale stage of 0.5 to 1.0.

3. The cognitive impairment produces at least mild interference in daily functioning (at least one of the following): 

a) Self-report of reduced mental acuity, inefficiency in work, homemaking or social functioning.

b) Observation by knowledgeable others that the individual has undergone at least mild decline in mental acuity with resultant inefficiency in work, homemaking or social functioning.

4. The cognitive impairment does not meet criteria for delirium or dementia.

5. There is no evidence of another pre-existing cause for the MND.

HIV-associated dementia (HAD)*

1. Marked acquired impairment in cognitive functioning involving at least two ability domains, typically the impairment is in multiple domains, especially in learning new information, slowed information processing and defective attention/concentration. The cognitive impairment must be ascertained by neurological testing with at least two domains 2 SD or greater than the demographically corrected means. Note that where neuropsychological testing is not available, standard neurological evaluation and simple bedside testing may be used, but this should be performed as indicated in the algorithm.
2. Typically, this would correspond to a Memorial Sloan Kettering scale stage of 2.0 or greater.

3. The cognitive impairment produces marked interference with day-to-day functioning (work, home life, social activities).

4. The pattern of cognitive impairment does not meet criteria for delirium (eg, clouding of consciousness is not a prominent feature); or, if delirium is present, criteria for dementia need to have been met on a previous examination when delirium was not present.

5. There is no evidence of another, pre-existing cause for dementia (eg, other central nervous system (CNS) infection, CNS neoplasm, cerebrovascular disease, pre-existing neurologic disease, or severe substance abuse compatible with CNS disorder)†.

*If there is a previous diagnosis of ANI, MND or HAD, but currently the individual does not meet criteria, the diagnosis of ANI, MND or HAD in remission can be made; †Neuropsychological assessment must survey at least the following abilities: verbal/language, attention/working memory, abstraction/executive, memory (learning recall), speed of information processing, sensory-perceptual, motor skills; ‡If the individual with suspected ANI, MND or HAD also satisfied criteria for a major depressive episode or substance dependence, the diagnose of HAND should be deferred to a subsequent examination conducted at a time when the major depression has remitted or at least one-month after cessation of substance use. (2007, p. 1791)
2.4 Screening and diagnosis of hand 
In order to diagnose HAND, typically the physician will evaluate the person’s history and administer a physical exam to see if further tests are warranted. If appropriate, neuropsychological tests are given to diagnose a patient with HAND. Neuroimaging, such as a CT scan or a MRI, is given to help determine the stage of HAND and rule out other confounding factors. For rapid and bedside testing, some common screening tests may be administered. Common bedside tests are: the HIV dementia scale (Power et al., 1995), the International HIV dementia scale (Sacktor et al. 2005), and the Montreal cognitive assessment. (Nasreddine et al., 2005).


One of the first tools developed, and used frequently today, is the HIV dementia scale (HDS), which was developed in 1995 by Power et al. In this study, 152 participants were divided into five different groups: HIV-seronegative; asymptomatic HIV-seropositive; AIDS, non-demented; AIDS, mildly demented; and AIDS, severely demented. Patients were then screened with three different instruments, which are HDS, the minimental state exam (frequently used for Alzheimer’s patients), and the grooved pegboard (used to test dexterity). These tests evaluate individual motor speed, memory, constructional praxis, and executive functions. It was found that HDS is a reliable and quantitative scale for bedside testing. Based on a cut-off score of less than or equal to 10 for identifying HIV dementia, there was a sensitivity of 80% and a specificity of 91%. The specificity and sensitivity found in this study are fairly good, but is used to screen for HAD. One recommendation is to adapt the HDS to screen for ANI and MND by making it more sensitive and specific to these less sever forms.

HDS is a good screening tool for HIV-associated dementia, but can be limited in its global screening capacity. This is due to HDS using alphabet writing and cube-copying tests, which is a westernized background. Sacktor et al. (2005) saw this as limiting to the global prevalence of HIV dementia, and developed a new rapid screening test: The International HIV Dementia Scale (IHDS). IHDS eliminates the timed written alphabet and cube copy time tests with motor speed and psychomotor speed tests. Sacktor and colleagues tested 66 HIV+ individuals in the US and 81 HIV+ individuals in Uganda – all were administered the IHDS with full standardized neurological and neuropsychological assessments. Using the greater than or equal to 10 cut-off, they found the sensitivity and specificity in the United States at 80% and 57%, respectively, compared to 80% and 55% in Uganda, respectively. To calculate the sensitivity and specificity for this study, they compare their results to Price and Brew’s guidelines for HAD. Although they were able to calculate a sensitivity and specificity, it should be noted they did not compare their results to a gold standard, which make their results not as significant. Compared to HDS, IHDS has lower sensitivity and specificity score, but it’s worth noting that it can still be useful in screening for HIV dementia in the United States.


HDS and IHDS do adequate jobs at identifying HIV dementia, but lack the ability to regularly classify someone as has having MND. In 2005, Nasreddine et al. developed a brief screening tool for mild cognitive impairment, which is the Montreal cognitive assessment (MoCA). Although this was primarily developed for Alzheimer’s patients, this 10-minute cognitive screening tool can still be administered to find MND in HIV patients. 
The MoCA study divided participants into three groups, which 94 had mild cognitive impairment, 93 had mild Alzheimer’s disease, and 90 were healthy elderly controls and each were given the MoCA and the minimental state examination (MMSE). The MoCA is a one-page 30-point test administered in 10 minutes and is broken up in six segments: Short-term memory recall task; Visuospatial abilities; Multiple aspects of executive function; attention, concentration, a working memory; language assessment; and, orientation to time and place. This study used a cut-off score of 26, which found the MMSE had a sensitivity and specificity of 18% and 100%, respectively, and MoCA had a sensitivity and specificity of 90% and 87% (Nasreddine et al., 2005). Since the sensitivity of MSSE was found to be 18%, which is much lower than the usual standard of 80%, this helps support the hypothesis that MoCA is a better screening tool for mild cognitive impairment. Although this study found good sensitivity and specificity, it was not applied to the HIV population.

Over recent years, there has been a push to develop new screening tools and strategies to accurately identify HAND. Recently, it was found that HDS and MoCA are not recommended as sole instruments to diagnose HAND, as they alone did not have good sensitivity or adequate specificity (Janssen et al., 2015). These findings help shape the importance of developing new tools and diagnostic strategies. One study proposed changing MoCA scoring criteria from categorical to quantifiable attributes (Brouillette et al., 2015). Brouillette stated, “quantifying performance on MoCA items through Rasch analysis improves its accuracy as a screening tool for HAND, and demonstrates that cognition can be measured as one-dimensional construct in HIV.” Based on this studies findings, Rasch analysis should be applied to the analysis of HAND studies to improve the studies accuracy of diagnostic criteria, when applicable.
2.5 Treatment of hand

The standard treatment for HAND is combination antiretroviral therapy (cART), or the combination of three or more drugs. There has been research documenting the reduction of HAD in the cART era (Heaton et al., 2010; Clifford & Ances, 2014; Becker et al., 2015; Sacktor et al., 2016). Although there has been a reduction of HAD rates, the overall rates of HAND are similar, which is due to milder forms of HAND (ANI and MND) becoming more prevalent (Becker et al., 2015). There is speculation that the ability of cART to penetrate the central nervous system (CNS) and prevent the viral replication of HIV in the brain contributes to these similarities in overall rates. Patients with HAND had significantly higher viral loads in their cerebrospinal fluid (CSF) compared to those without HAND (Eden et al., 2010), and by lowering the viral load of HIV in the CFS this could contribute to the reduction of HAND rates.

2.6 epidemiology of hand

2.6.1 HAND in the Pre-cART and cART Eras

Overall HAND prevalence is similar to that of the pre-cART era, but the most severe clinical presentation of HAND, (HAD), has declined since the introduction of cART. The reduction in the rates of HAD seem to have “transferred” to less severe stages of HAND, such as MND and ANI. The Multicenter AIDS Cohort Study (MACS) is a longitudinal study examining participants with and without HIV, which found the prevalence of HAD decreased from 10-20% (McArthur et al., 1993; Janssen et al., 1992) in the early 1990’s and to about 5% (Becker et al., 2015; Heaton et al., 2010) in the early 2000’s. In the cART era, a study conducted with the MACS data found overall rates of HAND to be 33% and are further broken down to 14% for ANI, 14% for MND, and 5% for HAD (Heaton et al., 2010). Another study, the CNS HIV Anti-Retroviral Therapy Effects Research (CHARTER), found similar rates in the cART era. CHARTER found that the prevalence of HAND was 47%, 33% for ANI, 12% for MND, and 2% for HAD (Heaton et al., 2010). Another study found the prevalence of HAND to be 59%, of which 21% had ANI, 31% had MND, and 7% had HAD (Bonnet et al., 2013).
2.6.2 Progression of HAND
It is still unclear the true impact that cART has on HAND, but it appears that HAND is not completely stable, and the individuals can fluctuate between the different stages. One study conducted in 2007-2008 and 2009-2010 found that individuals with HAND fluctuated between the different stages; 15% deteriorated (i.e., ANI to MND or HAD), while 15% showed improvement (i.e., HAD to MND) (Sacktor et al., 2016). Sacktor and Colleagues found comparable findings from 2007-2008, 2011-2012, 2009-2010, and 2011-2012. Another study found that after one year, 44% showed improvements and 21% progressed to a more severe cognitive impairment (Robertson et al., 2007).
Clinical presentation and characteristics of HAND in the cART era may differ depending on the severity of the disease. Those with ANI show no impairment in activities of daily living; however, MND show some impairment in activities of daily living; while, HAD show the most severe impairment in activities of daily living (Clifford & Ances, 2013). Although ANI does not show any clinical presentation, it should be monitored when diagnosed, as it progresses to MND or HAD 15% of the time. MND and HAD are more of a clinical concern as they may interrupt the individuals’ life by leading to unemployment, social decline, lack of adherence to medications, and a poorer quality of life (Hinkin et al., 2002; Hinkin et al., 2004; Gorman et al., 2009).
2.7 Risk factors FOR hand
In the cART era, there are several risk factors that have been documented to be associated with HAND. Two risk factors associated with HAND are older age (Bonnet et al., 2013; Cross et al., 2013; Fazeli et al., 2015) and older age and survival duration (McCombe et al., 2013). One study found that those older than 50 were 3.26 times more likely to develop HAD than those who were 50 or younger (Valcour et al., 2004). Other studies have shown in the cART era that lower nadir CD4+ cell counts have been correlated with HAND (Heaton et al. 2010; Ellis et al., 2011; McCombe et al., 2013). Comorbidities have been found to be independently associated with HAND: such as hepatitis C virus (HCV) (Cherner et al., 2005; Cross et al., 2013; Sun et al., 2013) obesity (McCutchan et al., 2012), and diabetes (McCutchan et al., 2012). A study found that HCV is associated with a 2.375 times greater risk of developing neurological disorder (Vivithanaporn et al., 2012); however, another study found no risk between HCV and HAND (Clifford et al., 2015). Metabolic comorbidities, such as diabetes, cardiovascular risk factors and carotid intima-media thickness, also showed strong association with HAND (Fabbiani et al., 2012).
2.8 Pathogensis of hand
HIV primarily affects the immune system, specifically by the infection of the CD4+ T cells. Soon after infection, HIV penetrates the blood-brain barrier (BBB) to infect the central nervous system (CNS). This occurs when infected monocytes, lymphocytes, and possibly CD4+ T cells cross the BBB. Once in the CNS, infected and activated macrophages and microglia play a role in the development of HAND, which can partly be attributed to cART not completely preventing or reversing HAND (Kaul, 2009). In the pre-cART era, it was believed that encephalitis and neurodegeneration were possible causes for HAND. Gelman (2015) stated that with the introduction of cART, the previous factors associated with HAND need replacing, as they are less prevalent today. This is supported by the rates of encephalitis decreasing from 54% in the pre-cART era to about 15% in the cART era (Vago et al. 2002), while the overall rates of HAND remain similar. Inflammation was thought to be a factor contributing to HAND in the pre-cART era, but is still acknowledged as a driving force behind HAND (Williams & Hickey, 2002; Kaul et al., 2005). When HIV enters the CNS it triggers inflammatory changes including the release of cytokines, neurotoxins, toxic viral proteins, Tat, and gp120 due to infected or activated perivascular macrophages (Griffin, 1997; Garden et al., 2005; Nacracci et al., 2005). Through this process, a cycle occurs which can contribute to neurological injury in the brain, which may increase the rates and severity of HAND. This process is one of the causes of inflammation in the brain. HIV induces this inflammatory response which is regarded as a critical component of HAND (Cartier et al., 2005).
3.0  Multicenter aids cohort study (macs)

3.1 HAND in macs

The Multicenter AIDS Cohort Study (MACS) is an ongoing, longitudinal study that started in 1984 to study the natural and treated histories of HIV infected men who have sex with men (MSM). Participants in the MACS study visit sites semiannually, visits include: physical examination, a neuropsychological screening and examination, and collection of blood samples. 

To diagnose someone with HAND, MACS uses 1) cognitive testing, 2) an index of activities of daily living, and 3) medical history and testing to rule out alternative diagnoses: 

1) Cognitive testing was used with 6 cognitive domains and cognitive functioning was derived if an individual had a high enough score in four of the six cognitive domains. Using the Antinori et al. study, an individual could fall into one of three stages: 1) normal limits if ≤ one domains were one standard deviation (SD) or more below the mean; 2) minor cognitive impairment if ≥ two domains were one or more SD below the mean, and they did not qualify for moderate to severe cognitive impairment; and 3) moderate to severe cognitive impairment if ≥ two domains were two SDs below the mean, or one domain was 2.5 SDs or more below the mean.

2) To measure actives of daily living, the MACS adapted their instrument from the Instrumental Activities of Daily Living (IADL) scale (Lawton and Brody, 1969). This scale classifies the individual as normal (did not meet criteria for major or minor impairment), mild impairment (minor decline on 2 or more questions or major or minor declines on 2 or more questions), or severe impairment (major decline on 2 or more questions or major or minor declines on 4 or more questions) based on if the completion of 14 out of the 16 questions. 
3) Medical history was gathered and synthesized to rule out any confounding information, which is collected via a self-reported survey, every 6 months, and can be verified through medical charts.

Based on the diagnostic criteria and classification system used by MACS, multiple studies were conducted to identify the rates of HAND in the HIV+ population, and only a few studies compared these rates to the HIV- population. A recent study compared the rates of HAND in HIV+ and HIV- individuals in MACS. They found very similar rates of HAND, 31.82% (HIV+) and 31.89% (HIV-). For HIV+ and HIV- individuals, there are similar rates within each group of HAND: normal (68.18% vs. 68.11%), ANI (16.23% vs. 15.75%), MND (12.99% vs. 11.81%), and HAD (2.6% vs. 4.33%) (Truebig, 2016). Another study found similar rates for mild and severe cognitive outcomes for HIV+ (31.7%) and HIV- (27.17%) (Becker et al., 2015).
To find the specificity and sensitivity, a gold standard would be needed for comparison purposes. At this time there is no gold standard for the diagnostic criteria for HAND, which is why there is no sensitivity and specificity for MACS diagnostic criteria. Due to similar rates of HAND, based on the studies listed above, it appears the instruments used by MACS to diagnose and classify individuals with HAND may not be as sensitive and specific as needed to distinguish between HIV+ and HIV- individuals. By definition, HAND cannot occur in the HIV- population, and theoretically the specificity would be zero. Since HAND is being diagnosed in the HIV – population, it can be assumed that the specificity within MACS is lacking. 

4.0  Discussion

HIV-associated neurocognitive disorder (HAND) was established in 2007 by Antinorie and colleagues, with other neurocognitive disorders associated with HIV being researched since 1983. With the introduction of combination antiretroviral therapy (cART), the rates of HAND shifted from HIV-associated dementia (HAD) to higher rates of minor neurocognitive disorder (MND) and asymptomatic neurocognitive impairment (ANI). With this shift, it makes the diagnosis of HAND more difficult, as it is harder to diagnosis milder forms of HAND. With that stated, current diagnostic techniques for HAND are tailored more to diagnosing the more severe HAD and not as sensitive and specific for diagnosing the less severe MND and ANI (Janssen et al., 2015). 
With HAND being harder to diagnose and the tests not being adequately sensitive and specific, this clearly impacts the rates of incidence and prevalence. A public health concern arises from the lack of ability to accurately diagnose someone with HAND. With improved diagnostic criteria, clinicians are able to monitor the disease progression, while adjusting cART treatment as needed and are able to identify potential risk factors of HAND. Without proper diagnosis of ANI and MND, both have the potential to progress to HAD, which occurs in about 15% of those with ANI and MND (Sacktor et al., 2016). ANI, MND, and HAD have the potential to interrupt the individuals’ life by leading to unemployment, social decline, lack of adherence to medications, and a poorer quality of life (Hinkin et al., 2002; Hinkin et al., 2004; Gorman et al., 2009). Better diagnostic criteria for HAND will help alleviate some these public health concerns.
The Multicenter AIDS Cohort Study (MACS) has been in existence since 1984 examining HIV infection in men who have sex with men and collects information on various aspects of HIV. MACS’ criteria for diagnosing HAND has been used in various studies, but the criteria may not be sensitive or specific enough to capture the true rates. Two studies found similar rates of HAND when comparing HIV+ and HIV- individuals (Truebig, 2016; Becker et al., 2015), suggesting that either HIV does not play a role in cognitive impairment, there is another confounding factor unknown, or, more likely, the diagnostic criteria do not do an adequate job of capturing the true rates of HAND in HIV+ individuals. 

By definition, sensitivity is the rate at which a disease is correctly identified with a positive result (a true positive rate) and specificity is the rate at which a non-disease is correctly identified with a negative result (a true negative rate). To find sensitivity and specificity for the diagnostic criteria for HAND in MACS is impossible because this requires a gold standard to compare to, and HAND does not have a gold standard. By definition, HIV- individuals cannot have HAND. Thus, the fact that rates of HAND are similar in the HIV+ and HIV- populations within MACS is suggestive of the lack of specificity (a true negative rate). This is because the diagnostic criteria are not able to pick up the true rates of HAND, as the instruments used are poor.
Stucky et al. (2014) stated that a test score itself does not identify “impairment”, it is the interpretation of the test scores that will define who is impaired or who is not. Impairment is defined differently depending on the study, and MACS defines their impairment based on the criteria from Antinori et al. (2007): 1) normal limits if ≤ one domains were one standard deviation (SD) or more below the mean; 2) minor cognitive impairment if ≥ two domains were one or more SD below the mean, and they did not qualify for moderate to severe cognitive impairment; and 3) moderate to severe cognitive impairment if ≥ two domains were two SDs below the mean, or one domain was 2.5 SDs or more below the mean. A reference group would be needed for comparison purposes to interpret the level of impairment, with the MACS’ reference group for HAND being the HIV- group. As stated previously, the rates of HAND, ANI, MND, and HAD are similar within the Truebig and Becker et al. studies when comparing the HIV+ and HIV- groups. There are a lot of factors that can contribute to these rates, with lack of specificity being one of them. A sample is need for comparison purposes to help identify if the MACS sample or the diagnostic criteria influence the similarities of the rates. A study was conducted in London using data from MSM who were HIV+ and HIV- between 2011-2012 (McDonnell et al., 2014). McDonnell et al. found similar rates of HAND in the HIV+ (21%) participants and the HIV- (28.9%) participants. Although these rates are lower than the MACS’ HAND rates, they are still consistent with the findings, which suggests that the diagnostic criteria influence the similarities in the MACS results.
In order to better understand the rates of HAND, further researcher needs to develop a gold standard. This will provide a standard that researchers can use to diagnose HAND, while allowing to compare the rates between studies without questioning the instruments used. With a gold standard, this will allow others to calculate their sensitivity and specificity for their diagnostic criteria. If a gold standard is found, the MACS could do just that. They could compare their criteria to know their sensitivity and specificity. 

Without a gold standard being developed, HAND diagnosis can still be improved. MACS should adopt the MoCA with Rasch analysis to help screening for HAND or incorporate Rasch analysis in their own analysis. It was found that the Rasch analysis improved the accuracy of the MoCA as a screening tool for HAND (Brouillette et al., 2015). 
By having better diagnostic criteria, identification of the less severe forms of HAND would be more accurate. This will allow for the monitoring of disease progression, change or adjustment of cART, and identification of risk factors. There may not be as much benefit for diagnosing ANI as MND and HAD, as the benefit of early treatment must outweigh the negative impact and stress of a positive test result (Wilson & Jungner, 1968). Since cART is the only present treatment for ANI, and those with ANI demonstrate lack of cognitive impairment, it appears that the benefits of diagnosing ANI may not outweigh the stressors of these results. Diagnosis of MND and HAD will have more benefits, as they both have clinically present cognitive impairments which can disrupt daily routines.
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