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Abstract
Background—In China, many former plasma donors (FPD) were infected with the human
immunodeficiency virus (HIV) in the early-mid 1990s. Highly active antiretroviral therapy
(HAART) was provided to FPDs beginning in 2002. The effect of HAART on mortality in this cohort
has never been described.

Methods—Retrospective analysis of the national HIV epidemiology and treatment databases, from
1993–2006. All HIV-infected subjects from ten high HIV prevalence counties in six provinces were
eligible. Inclusion criteria were: 1) plasma donation history, 2) Western blot positive, 3) clinical
diagnosis of AIDS or CD4+ cell count <200/μl at any time, and 4) age ≥18 at AIDS diagnosis.

Results—Of 9059 eligible subjects, 4093 met the inclusion criteria. Mean age was 41 years, 51%
were male, 99% were farmers, and 87% were from Henan Province. Overall mortality declined from
27.3/100 person-years in 2001 to 4.6/100 person-years in 2006. Conversely, the proportion of AIDS
patient-years on HAART increased from 0% in 2001 to 70.5% in 2006. In a multivariate Cox
proportional hazards analysis, the greatest risk factor for mortality was not receiving HAART, with
a hazard ratio 2.8, 95% confidence interval 2.4–3.3. Among treated patients, those initiating therapy
with lower CD4+ cell counts and higher numbers of opportunistic infections were at greater risk of
death.

Conclusions—The national treatment program has significantly reduced the mortality rate among
HIV-infected FPDs through the use of generic drugs in a rural treatment setting with limited
laboratory monitoring. Treatment success can be improved through increased coverage and earlier
initiation of therapy.
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INTRODUCTION
Although human immunodeficiency virus (HIV) infection was first reported in China in 1985,
the magnitude of its spread was not evident until the epidemic among former plasma donors
(FPD) across central China was realized. Poor, rural farmers sold plasma to unscrupulous
collectors under unsanitary conditions during the early to mid-1990s, causing untold numbers
of infection [1]. With the majority of the plasma selling activities, and thus infections, thought
to have occurred between 1993–1996 [2–4], large numbers of acquired immunodeficiency
syndrome (AIDS) cases developed in this cohort in the early 2000s. In response, the Chinese
government initiated the China Comprehensive AIDS Response (China CARES) program to
provide free HIV treatment in 127 FPD counties across central China. This program began as
a pilot, treating 100 patients in 2002, but was rapidly scaled up to cover over 30,000 patients
by the end of 2006 [5–7]. The National Free Antiretroviral Therapy Program (NFATP), built
on the foundation laid by China CARES, now stretches across the country, treating over 40,000
patients by the end of 2007.

To date, the effectiveness of highly active antiretroviral therapy (HAART) in China has not
been well studied. With few CD4+ T-cell count (CD4 count) and almost no HIV viral load
data available in the NFATP, other markers must be used to determine treatment success or
failure. Because death records are reliably maintained in China, this study examines the impact
of HAART on mortality in several former plasma donating (FPD) regions, regions which have
received HAART the longest in China.

METHODS
Patients assessed in this study were identified through two national databases. The first was
an epidemiological database of all HIV-infected patients in China reported to the China CDC
through the national surveillance system. Included were demographics, route of infection, date
of diagnosis, and date of death (if any). The second database was the national treatment
database, including all subjects who met the national treatment criteria (WHO stage III or IV
disease, CD4 count <200 cells/uL, or total lymphocyte count <1200/mm3) and were provided
free treatment [5,8]. Patients were seen in follow-up every three months and, after each visit,
local healthcare providers completed a standardized case report form (CRF) and faxed the form
to the China CDC via Datafax. These CRFs were then maintained in an ongoing observational
treatment database [5]. For this study, all data obtained from these two databases were validated
with the local Center for Disease Control (CDC) in each province.

To evaluate the effect of HAART on mortality, ten counties in six provinces, representing the
highest HIV prevalence regions, were selected (Henan: Shangcai County; Anhui: Lixin
County; Hubei: Nanzhang County; Shanxi: Jiang, Xinjiang, and Xia Counties; Shandong:
Chengwu and Cao Counties, Mudan District; Jilin: Chuanying District). The selected counties
were all rural and poor, with the residents being primarily farmers. All known HIV-infected
individuals from these ten counties from 1993–2006 were eligible for this study. Inclusion
criteria were subjects who: 1) had a plasma (blood) donation history; 2) were confirmed HIV-
positive by Western blot; 3) were diagnosed with AIDS either by an AIDS-defining illness or
with a CD4 count <200/μl at any time; and 4) were ≥18 years old at the time of AIDS diagnosis.
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We defined an opportunistic infection (OI) as only: 1) fever of unknown origin >38°C for >1
month; 2) chronic diarrhea for >1 month; 3) oral candidiasis; or 4) oral hairy leukoplakia. These
illnesses were selected because they were easily diagnosed clinically in rural settings. The date
of AIDS diagnosis was defined as the earliest date of an AIDS-defining illness or CD4 count
<200/μl. The most commonly used regimens were nevirapine with zidovudine or stavudine
and didanosine or lamivudine.

The primary endpoint of this study was all-cause mortality. The mortality rate was calculated
for the interval 1995–2000 due to the small numbers during these years, then yearly from 2001–
2006 by taking the total number of subjects dying within the specified time interval and dividing
by the sum of individual person-years for subjects diagnosed with AIDS during the same
interval. Those lost-to-follow-up counted as one-half person-year. A similar approach was used
to calculate each subject’s person-years on HAART during each time interval. The log-linear
model was used to determine whether a decreasing trend for death incidence density existed.
Crude AIDS mortality was calculated by demographic characteristics (gender, age at AIDS
diagnosis, marriage status, education, occupation, and race) and potential risk factors (number
of OIs at HAART initiation and CD4 counts at HAART initiation).

Cox proportional hazard modeling was used to assess the relationship between mortality and
potential risk factors. Subjects still alive or lost-to-follow-up in November 2006 were censored.
Univariate Cox models were run to assess the unadjusted relationship between mortality and
specified covariates of interest for all subjects and stratified by HAART treatment status.
Survival time was defined as the time from AIDS diagnosis to either death or censoring.
Covariates with a P-value <0.2 from the univariate analysis were entered into a full multivariate
Cox model, with stepwise selection used to eliminate non-significant covariates. Because
AIDS-related risk factors were only available for subjects on HAART, the analyses for
mortality and potential risk factors using Cox proportional hazard models were performed on
all subjects, then stratified by treatment status. Data were analyzed using SPSS version 13.0
and SAS version 9.3 (SAS Institute, Cary, NC). All hypothesis testing was based on 2-sided
tests with alpha level of 0.05.

RESULTS
Between 1995-November 2006, 9059 HIV-infected individuals were reported from the ten
counties, 7576 were Western blot confirmed HIV+ FPDs, and 5314 were diagnosed with AIDS
at ≥18 years of age. Of these, 1221 were excluded for logic inconsistencies, leaving 4093
patients in the analysis (Figure 1). The mean age of these subjects was 41 years, 51% were
male, 86% were married, and 99% were farmers. Subjects from Henan comprised 87% of the
total, consistent with the overall epidemiology of HIV infection among FPDs (Table 1). Of the
4093 total subjects, 2704 (66%) received HAART. The remaining 1389 did not receive
treatment largely because treatment was still being scaled up, with patients treated on a first-
come-first-served basis. Overall, 716 subjects died during the study period, 15% of those on
HAART and 36% of those not (Table 1).

The all-cause mortality rate and the proportion of AIDS patient-years on HAART over time
are shown in Figure 2. Before national treatment was initiated, mortality ranged from 27.3–
30.2/100 person-years. Treatment was piloted in 2002, then ramped up in 2003. Compared to
the mortality rate of 27.3/100 person-years in 2001, each year from 2003 onwards was
significantly lower (P≤0.0004). Conversely, the proportion of patients on HAART increased
from 0% of AIDS patient-years in 2001 to 70.5% in November 2006, showing an inverse
relationship between mortality and proportion of AIDS patients on HAART.
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In univariate Cox proportional hazard models of risk factors associated with mortality, the
greatest risk factor was lack of HAART, with a 2.9 fold increased risk of death compared to
those on HAART (Table 2). Other factors significantly associated with increased mortality
included being single (hazard ratio [HR]=2.7, compared to married), age ≥50 (HR=1.6), male
(HR=1.4), and less education (HR=1.4). Being divorced/widowed was protective against
mortality (HR=0.27) compared with being married. Each of these factors remained significant
in the overall multivariate model with similar HRs (Table 3). When the overall multivariate
model was stratified by treatment status, however, marital status and education became
insignificant (P>0.05) in the treatment arm but remained significant in the untreated arm. In
the multivariate model of mortality among treated patients, male gender (HR=1.9) and age ≥50
(HR=1.7) remained significant. Additional significant risk factors included ≥2 OIs (HR=2.3),
compared to no OIs at treatment initiation, and CD4 count <50/μl (HR=6.9) or 50–99/μl
(HR=3.5) at treatment initiation, compared to ≥200/μl (Table 3). Thus, the patients on HAART
who survive the best are women less than 50 years old who are treated before any OIs develop
and have CD4 counts ≥100/μl when starting treatment.

DISCUSSION
The effect of the China NFATP on mortality of AIDS patients has not previously been reported.
The FPD cohort was selected for this analysis because HAART in China was begun in this
population and thus they have the longest duration of follow-up, to date. Ten of the highest
HIV prevalence counties from six provinces were selected, including Shangcai County in
Henan Province where the plasma donating activities in the mid-1990s were concentrated, and
all known adult AIDS patients were included. The results of this study demonstrate a five-fold
decrease in mortality from before 2002 (27–30/100 person-years) to 2005–2006 (5–6/100
person-years). Of note, this reduction in mortality was achieved primarily through the use of
Chinese-produced generic antiretroviral drugs. In a multivariate Cox proportional-hazard
regression, the most significant factor associated with mortality was no HAART, with a 2.8
fold increased risk of death. For patients not on HAART, additional risk factors for death were
age ≥50, being single, and having a primary school education or less. For those on HAART,
additional mortality risk factors were increased numbers of OIs and lower CD4 counts at
treatment initiation.

All-cause mortality was used instead of AIDS-related mortality because only a few deaths were
confirmed as non-AIDS related. Of the 716 deaths during the study, 609 (85.1%) were due to
AIDS-related causes, 97 (13.5%) to missing/unknown causes, and 10 (1.4%) to non-AIDS
causes, such as accidents or suicides. Non-AIDS deaths were included because 10 deaths would
not have a significant effect on the mortality rate and, because stigma against HIV was prevalent
in FPD regions [9–11], it is difficult to exclude AIDS as a factor in suicides. For missing/
unknown deaths, the vast majority were felt to be related to AIDS because this was an otherwise
young and healthy population. However, if these deaths were all considered non-AIDS instead,
the calculated mortality rate in 2005–2006 (all missing/unknown deaths were from these two
years) would be even lower, further emphasizing the effect of HAART.

The reduction in mortality achieved by the NFATP is consistent with reductions seen in other
countries [12–20]. This reduction of HIV-associated mortality in China is remarkable for
several reasons. First, the vast majority of the antiretroviral drugs used in China are Chinese-
produced generic drugs, including zidovudine, stavudine, didanosine, nevirapine, and a limited
amount of indinavir. First-line antiretroviral regimens were composed of these initial four drugs
until 2005, when branded lamivudine became available. A limited amount of branded efavirenz
subsequently also became available for second line regimens. Thus, with initial HAART
regimens and two of three drugs in subsequent regimens composed of Chinese generics, the
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reduced mortality among treated patients demonstrates the benefits of these drugs, although
we do not have comparative data against other branded or generic drugs.

A second reason why the mortality reduction in China is remarkable is the structure of the
NFATP, which is administered through a low-technology, community-based treatment model
using rural healthcare workers [5]. Because China’s HIV epidemic is predominantly based in
rural areas, treatment was scaled up using the already existing rural clinics. A national physician
training program was established in 2003 to train physicians from provincial to county levels,
with the curriculum content geared to the level of physician [6]. Although difficulties were
encountered during the initial scale-up in 2003 and 2004 with insufficient education and
experience of the clinicians, lack of counseling of the patients, poor adherence, and drug side
effects, the overall success of this community-based treatment model can now be appreciated.
Under appropriate circumstances, as also demonstrated in other countries, rural healthcare
workers can be trained to administer HAART successfully [19,21].

Finally, a third aspect of China’s NFATP is the general lack of laboratory monitoring of treated
patients, particularly in years 2003–2005, because CD4 and viral load testing were not provided
through the NFATP and patients generally could not afford them. Some provinces began
providing free CD4 testing in 2006 and this continues to be scaled up. Viral load testing,
however, is still rarely done. Despite this lack of consistent laboratory monitoring, clear
reductions in mortality are seen. Whether or not routine CD4 and viral load testing would have
improved the mortality rates even more is not clear. The NFATP does recognize the importance
of such monitoring, however, and is working to scale up testing.

In the multivariate Cox proportional hazards regression analysis of risk factors associated with
death, not being on HAART was the single greatest risk factor with a HR=2.8, as well as the
only readily modifiable factor. The other risk factors significant in the overall model included
gender, age, marital status, and educational level. When stratified by treatment status, those
not on HAART had the same significant demographic risk factors except for gender, showing
that the untreated patients primarily drive the demographic risk factors in the overall model.
Increased age and decreased educational level have been previously associated with increased
mortality [22–24]. Reports of gender differences in HIV mortality have been mixed, with
studies reporting higher male mortality [23], female mortality [25], or no difference [22,26,
27]. Why single people are at higher risk and divorced or widowed people at lower risk of
mortality compared to married people or people living together is not clear and may be related
to the small numbers in each category. In the stratified analysis of those on HAART, increased
numbers of OIs and decreased CD4 counts at HAART initiation, as well as decreased duration
of treatment, were all significantly associated with mortality. Our finding of worse outcomes
when HAART is initiated later is consistent with other studies [18,19,28].

The primary limitation of this study is that it is based on observational data and thus may be
subject to inherent biases. Without a non-treatment control group as comparison, how the
baseline mortality rate would have changed without HAART is not known. Because the vast
majority of infections occurred from 1993–1995, the decline in mortality beginning in 2002
may simply reflect the natural history of HIV infection in this cohort with the majority of those
infected already having died. However, a decline in deaths due to natural history would be a
decline in the absolute numbers of deaths, not a decline in the mortality rate. A decline in
mortality rate can only be achieved through altering the actual disease process and the only
large-scale intervention that altered the disease process at that time was HAART. Finally, our
post-treatment mortality rate is consistent with mortality rates among treated AIDS patients
reported world-wide and has been statistically stable since 2003. Thus HAART is the only
reasonable explanation for the decline in mortality rate seen.
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Another limitation is that before 2003, the numbers of reported cases of HIV were relatively
small and thus may not be representative of overall mortality trends in these 10 counties. In
2003 and 2004, mass HIV screenings among the FPD cohort were done in several provinces,
identifying an estimated >90% of the infected FPD in those areas. Data after 2003 are therefore
much more stable and representative. Even though the mortality rate of AIDS patients before
2003 may not be precise, the overall mortality trend from the pre-HAART to the post-HAART
years will not change significantly. Furthermore, because most deaths among AIDS patients
before 2003 were not identified as such, the actual mortality rate may be even higher than what
we report here, emphasizing the beneficial effect of HAART.

One final limitation is that some patients may be misclassified as AIDS patients when, in fact,
they have not yet reached that threshold. This group would primarily include those who did
not have pre-treatment CD4 counts and thus met treatment criteria through clinical diagnosis
of an AIDS-defining OI. In 2003 and 2004, treatment was just being scaled up with all HIV
patients clamoring for treatment whether or not they met treatment criteria. Due to pressure
from patients, some were prescribed HAART before treatment criteria were met. The effect of
this, however, would be to minimize the impact of HAART on mortality. Thus the significant
difference in mortality between pre- and post-HAART eras despite this bias further
demonstrates the robustness of our results. Another possible misclassification could occur if
HAART-treated patients were less sick than untreated patients, creating a selection bias that
could explain the difference in HR between the two groups. In fact, the treated group was sicker
than the untreated group in median CD4 count (treated: 163/ml at treatment vs. untreated: 206/
ml most recent, P<0.0001) and in the proportion with any OI at diagnosis (treated: 69% vs.
untreated: 31%, P<0.0001). Because treated patients were sicker than untreated patients, the
true impact of HAART was actually larger than our HR estimate.

The decline in mortality among FPD AIDS patients in China reported in this analysis validates
the beneficial impact of the NFATP, a program built on Chinese generic drugs and community-
based treatment by rural healthcare providers. Although this success is noteworthy, much work
remains to be done to build upon this initial success. Treatment must continue to be scaled up
to cover everyone in need. Patients eligible for treatment must be identified and treated before
they develop OIs or have CD4 counts that are too low. The availability of laboratory monitoring
measures such as CD4 and viral load testing must also continue to be scaled up. Additional
second-line drugs are critically important as patients gradually fail their initial regimens. Some
preliminary national HIV resistance surveillance has been done and these results need to be
correlated with treatment records to inform national policy on the availability of second-line
drugs. As patients live longer due to HAART, other co-morbidities will become factors. Studies
have shown extremely high rates of hepatitis C virus co-infection among FPDs [29–31]. How
to follow and treat these patients before they progress to end-stage liver disease in rural China
is a significant challenge. Finally, research on patients currently being treated must continue
to improve treatment options and opportunities. The Chinese government has invested a
significant amount of money on providing national free HIV treatment over the last several
years and this investment is now demonstrating tangible returns.
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Figure 1.
Selection algorithm for the subjects included in the study.
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Figure 2.
Mortality rate and proportion of AIDS patient-years on HAART over time for subjects included
in the study.
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