Appendix

Should We Report the Proportion of Late HIV Diagnoses?

Why the proportion of late diagnoses remains stable?
eFigure 1 shows the number and proportion of undiagnosed HIV infections by duration of infection, and the number and proportion of diagnosed HIV infections by duration of infection under two HIV testing scenarios, one without improvement in HIV testing and one with.  When HIV testing improves, the number of late diagnoses increases, but at the same time the number of non-late diagnoses also increases, making the proportion of late diagnoses literally unchanged.   
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eFigure 1. Number of undiagnosed HIV infections and number of diagnosed HIV infections under two testing scenarios

In theory, it is possible that an improvement in HIV testing can increase the number of non-late diagnoses faster than the number of late diagnoses causing a decrease in the proportion of late diagnoses.  However, in reality, it is not the case, because HIV testing has been promoted for decades and an improvement in HIV testing is unlikely to have a dramatic impact on the number of new diagnoses.  The stableness of the proportion of late diagnoses has been observed in the United States and across Europe, and predicted by a mathematical model [1-5].

Can we use the proportion of late diagnoses to guide HIV testing efforts?
Studies have reported that some populations, such as people of color, heterosexuals, infection drug users, and migrants, had a significantly higher proportion of late diagnoses and were more likely to be diagnosed late after HIV infection, and recommended targeting HIV testing in these populations [1, 2, 6-8].  Actually, the proportion of late diagnoses cannot be used to guide HIV testing because the following two reasons.

First, as we demonstrated earlier, the proportion of late diagnoses does not measure the risk of being diagnosed late, and a higher proportion of late diagnoses does not necessarily mean a higher risk of being diagnosed late.  An excellent example to demonstrate this comes from Eastern and Western European countries.  The proportion of late diagnoses was lower in Eastern European countries than it in Western European countries [4, 9].  No evidence suggests that HIV testing was better in Eastern European countries than Western European countries.  The lower proportion of late diagnoses in Eastern European countries was actually caused by an increasing HIV incidence in these countries with a larger proportion of new infections entering the undiagnosed pool and then being diagnosed as non-late diagnoses and included in the denominator of the proportion of late diagnoses [10].

Second, these studies recommended targeting HIV testing in populations with a higher proportion of late diagnoses, such as heterosexuals and migrants, but the correct measure that we should use to guide HIV testing efforts is the prevalence of undiagnosed HIV infection [11].  A higher proportion of late diagnoses does not necessary mean higher prevalence of undiagnosed HIV infection.  For example, men who have sex with men (MSM) had higher prevalence of undiagnosed HIV infections, but a lower proportion of late diagnoses than heterosexuals [1, 2, 7, 8].  The guidelines recommend targeting MSM for HIV testing, not heterosexuals [11].

Additional limitations of the proportion of late diagnoses
There are a number of additional, although not major, limitations of the measure of the proportion of late diagnoses.  First, determining whether a person is diagnosed late should be based on the duration of infection between the time when a person acquired infection and the time when he was diagnosed (e.g., duration ≥9 years: late diagnosis; duration <9 years: non-late diagnosis), but because in most of the cases it is impossible to determine when a person acquired HIV infection, the measure of the proportion of late diagnoses has to depend on the clinical status at diagnosis of a newly diagnosed person (e.g., CD4 count <200 cells/mm3: late diagnosis; CD4 count ≥200 cells/mm3: non-late diagnosis).   On average, undiagnosed HIV infections develop AIDS in 10 years after infection, but time varies by individual [12].  Those who develop AIDS earlier than the average will be misclassified as late diagnoses, and those who develop AIDS later than the average will be misclassified as non-late diagnoses.  These two groups of misclassification may offset each other in some populations, but unlikely in all, causing an overestimation in some populations and underestimation in the others and making the proportion incomparable across populations [13, 14].

Second, the status of late diagnosis, late or non-late, should be determined at the time of diagnosis, but because in practice it is determined during a follow-up period, what happens during the follow-up period can affect the estimation of the number of late diagnoses.  For example, a person who is diagnosed late can be misclassified as a non-late diagnosis if he does not develop AIDS during the follow-up period because of immediate ART after diagnosis.  

[bookmark: _GoBack]Third, the current cross-sectional study design includes age at diagnosis in the analysis and reports being old is a risk factor of being diagnosed late, but the correct variable should be age at the time when a person acquired HIV infection [1, 2].  Using the current method, a teenager would never be diagnosed late, because when he is diagnosed late, he will be in his 20s and counted as a late diagnosis in his 20s.

Median CD4 count at HIV diagnosis
Another measure, median CD4 count at HIV diagnosis, has also been widely used to monitoring HIV testing, but it suffers the same limitations [10, 15, 16].  Like the proportion of late diagnoses, median CD4 count at diagnosis measures the Pr(Duration of infection | Being diagnosed), not the Pr(Being diagnosed | Duration of infection).  One review article reported a minimal rise of 1.5 cells/mm3/year in median CD4 count in 11 high-income countries from 1992-2011 [3], and the COHERE study reported an even lower rise of 1.2 cells/mm3/year across 34 European countries from 2010 to 2013 [4].
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