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Abstract
Background—China's National Free Antiretroviral Treatment Program began in 2002 and, by
August 2008, included over 52,000 patients.

Objective—To report five year outcomes on adult mortality and immunological treatment failure
rates and risk factors.

Design—Open cohort analysis of prospectively collected observational database.

Patients—All patients in national treatment database from June 2002-August 2008. Patients
excluded if not started on triple therapy or had missing treatment regimen information.

Intervention—Antiretroviral therapy per Chinese national treatment guidelines.

Measurements—Mortality rate and immunologic treatment failure rate using World Health
Organization criteria.

Results—Of 52,191 total patients, 48,785 were included. Median age was 38 years, 58% were male,
53% were infected through plasma/blood, and median baseline CD4 cell count was 118/μL. Mortality
was greatest during the first three months of treatment (22.6/100 person-years) but declined to a
steady rate of 4-5/100 person-years after six months and maintained over the subsequent 4½ years.
Baseline CD4 cell count <50/μL (adjusted hazard ratio [HR] 3.3, 95% confidence interval [CI]
2.9-3.8, compared to ≥200/μL) and having 4-5 baseline symptom categories (adjusted HR 3.4, 95%
CI 2.9-4.0, compared to no baseline symptoms) were the strongest mortality risk factors. Treatment
failure was determined among 31,070 with ≥1 follow-up CD4 cell count. Overall, 25% (12.0/100
person-years) failed treatment with the cumulative treatment failure rate increasing to 50% at five
years.

Limitation—Immunologic treatment failure does not necessarily correlate well with virologic
treatment failure.
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Conclusions—The National Free Antiretroviral Treatment Program reduced mortality among
adult AIDS patients in China to rates comparable to other low or middle-income countries. A
cumulative immunological treatment failure rate of 50% after five years, with limited availability of
second-line regimens, is of great concern.

Introduction
In China, an estimated 700,000 people are infected with the human immunodeficiency virus
(HIV), of whom about 85,000 have developed the acquired immunodeficiency syndrome
(AIDS) (1). Of these, a cumulative 223,501 and 62,838, respectively, had been identified as
of October 2007 (2). Before 2002, when China initiated its National Free Antiretroviral
Treatment Program as a pilot project among former plasma donors (3,4), antiretroviral therapy
was not readily available. Treatment was rapidly scaled up and, by August 2008, over 52,000
people had received first-line highly active antiretroviral therapy (HAART). A few
nongovernmental organizations also provide treatment in China and some patients self-pay but
an estimated 97% of patients in China receive free treatment through the national program.
Currently, all HIV-infected individuals who meet the national treatment criteria are eligible
for treatment and patients have been treated in all 31 provinces, autonomous regions, and
municipalities in China.

The feasibility of implementing HAART in developing countries has been demonstrated in
multiple studies, with one year outcomes often comparable to those in developed countries
(5-10). Longer term data of the sustainability of such outcomes have also been reported but
have either been in relatively small numbers or for only slightly longer durations (11-22). We
report the five year outcomes on mortality and immunological treatment failure rates and risk
factors of all previously treatment-naïve adult patients enrolled in the China National Free
Antiretroviral Treatment Program.

Methods
Study Design and Setting

The National Free Antiretroviral Treatment Program and its observational database has been
previously described (3,4,23). Briefly, all HIV positive patients in China who meet the national
treatment guidelines of CD4 cell count <200/μL, total lymphocyte count <1200/mL, or World
Health Organization (WHO) stage III or IV disease are eligible to receive HAART (24). The
first line treatment regimen is composed of zidovudine or stavudine with nevirapine, all
Chinese generically produced. Didanosine (generic) was used as the third drug until 2005,
when lamivudine (branded) became available. Following treatment initiation, visits are
scheduled at 2 weeks, 1 month, 2 months, 3 months, and then every three months thereafter.
Local healthcare providers from the program complete visit-specific forms at each visit.

Patient Selection
All patients in the database from June 2002 through 30-Aug-2008 were eligible. Patients were
excluded if they did not receive treatment through the national program, were not previously
ART-naïve, were <18 years old at treatment initiation, were not started on appropriate triple
therapy, or had missing treatment dates. Thirty-five CD4 cell counts >3000/μL were considered
inaccurate and excluded as well. Patients without a treatment termination date were considered
active if their most recent follow-up visit was within six months of 30-Aug-2008 and late if
not. Henan Province did not participate in the national treatment database until July 2006 so
baseline CD4 cell counts for Henan patients before July 2006 were collected instead from the
national HIV epidemiology database, independently maintained at the China CDC.
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Variables and Data Collection
Case report forms from each visit were forwarded to the Chinese Center for Disease Control
and Prevention (China CDC) via DataFax (Clinical DataFax Systems Inc., Hamilton, Ontario,
Canada). Data collected included demographics, current symptoms, laboratory results,
treatment regimen start/stop dates and reason for change, and treatment termination reasons
(24). Each data field of each form was manually compared to the faxed digital image by two
separate reviewers to ensure accurate electronic transcription of data. Quality control queries
were sent to each site to resolve missing or discrepant data. Patients with a prefectural/city
level address were considered urban and those with a district/county or below level address
were considered rural. Survival was calculated from the date of antiretroviral treatment
initiation until death or date of last follow-up. For the analysis of immunological treatment
failure and CD4 cell count response, only patients with ≥1 follow-up CD4 cell count were
included. Immunological treatment failure was defined using WHO criteria: 1) after six months
on treatment, CD4 cell count <100/μL; 2) after six months on treatment, CD4 cell count return
to or below pre-treatment level; or 3) CD4 cell count <50% of peak on-treatment level (25).
Patients meeting any of these criteria were considered treatment failures. Time to failure was
defined as treatment initiation date to first CD4 cell count date meeting one of the three criteria.
Data for other patients were censored on the patients' last follow-up visit date. A sensitivity
analysis was also performed using one year as the treatment failure cutpoint instead of six
months. For the analysis of CD4 cell count response, a three month window (six weeks before
and after) around each time point was used to define the CD4 cell count for that interval. The
initial six weeks after treatment initiation was included with the three month time point. If more
than one CD4 cell count was performed during any interval, the one closest to each three month
time point was used. The last pre-treatment CD4 cell count was defined as the baseline.

Because of the difficulty in making definitive diagnoses of opportunistic infections in rural
settings, easily diagnosed signs and symptoms were used as a proxy. These were collected as
part of a general review of systems and physical exam during the baseline patient visit and
were categorized as: 1) fever, 2) pulmonary (cough, dyspnea, chest pain, night sweats, or
lymphadenopathy), 3) gastrointestinal (nausea, vomiting, or diarrhea), 4) skin or mucosal (rash,
thrush, or oral hairy leukoplakia), and 5) central nervous system (headache or visual changes).

Analysis
Baseline characteristics between cohorts were compared using the Mann-Whitney test for
continuous variables because none fulfilled the Kolmogorov-Smirnov test for normality.
Pearson χ2 statistic was used for dichotomous and categorical variables. Cox proportional
hazard modeling was used to assess hazard ratios (HR) between the outcome (mortality or
treatment failure) and potential risk factors. Covariates predetermined to be clinically
significant were entered into full multivariable Cox models. Survival curves were calculated
by life tables with statistical significance between groups assessed by the log-rank test because
the assumption of proportionality was fulfilled. CD4 cell counts over time were modeled using
the mixed linear model with maximum likelihood estimation. Data were analyzed using SPSS
version 13.0 (SPSS Inc., Chicago, IL) and SAS version 9.13 (SAS Institute Inc., Cary, NC).
All hypothesis testing was 2-sided with α=0.05. This analysis was approved by the institutional
review board of the China CDC.

Funding Source
This study was funded by the applied research program on AIDS prevention and treatment of
the China Ministry of Health, the U.S. National Institutes of Health, and a cooperative
agreement from the U.S. Centers for Disease Control and Prevention Global AIDS Program
to the China CDC. The U.S. sponsors, through co-authors MB and RYC, were involved in the
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study design, data analysis and interpretation, manuscript writing, and decision to submit the
paper for publication.

Results
Of 52,191 AIDS patients in the National Free Antiretroviral Treatment Program database
through 30-Aug-2008, 3406 were excluded (Figure 1). Of the 48,785 patients included, 70%
were active, 10% were late, and 13% died (90% AIDS-related). Seven percent terminated
treatment for medication adverse effects (46%), patient request (35%), poor adherence (9%),
and other (10%). Patients from Henan Province comprised 47%, Yunnan 15%, Guangxi 11%,
Anhui 5%, and Xinjiang, Hubei, and Guangdong 3% each, with the remaining 13% distributed
among the other 24 provinces, autonomous regions, and municipalities. Median follow-up time
was 17 months (interquartile range [IQR] 5-37) with a median of 7 follow-up visits (IQR 4-9).
Median age was 38 years, 58% were male, 75% were married, and 53% were infected through
plasma or blood (Table 1). Eighty-two percent were classified as rural, with 91% of former
plasma donors being rural and 72% of non-former plasma donors being rural (P<0.001 for
difference). Baseline median CD4 cell count was 118/μL (among those with a baseline CD4
cell count) and 81% had at least one baseline symptom category. Treatment regimens consisted
of zidovudine or stavudine and nevirapine as two of the three drugs, with zidovudine and
stavudine usage rates similar. Didanosine was the third drug in 46% and lamivudine in 43%.
These four regimens comprised 89% of all initial regimens. A small amount of efavirenz (9%)
was used for those diagnosed with HIV-tuberculosis co-infection.

Five year outcomes were measured by mortality and immunological treatment failure rates.
Overall, 6,490 people died across the five years, of whom 69% were former plasma donors
(Table 1). Mortality was greatest during the first three months of treatment (22.6 deaths/100
person-years) but declined rapidly to 4-5 deaths/100 person-years after six months and
maintained over the subsequent 4½ years (Figure 2a). Overall, 90% were alive at one year and
76% at five years. In an adjusted Cox regression analysis, the strongest risk factors for death
were having a low CD4 cell count and multiple baseline symptom categories at treatment
initiation. Those with CD4 cell counts <50/μL had an adjusted HR 3.3 (95% confidence interval
[CI] 2.9-3.8) compared to those with CD4 cell counts ≥200/μL (Table 2). Patients with 4-5
baseline symptom categories had an adjusted HR 3.4 (95% CI 2.9-4.0) compared to those with
none. This effect was even more pronounced for those dying within the first six months after
treatment initiation (CD4 <50/μL: adjusted HR 4.9, 95% CI 4.1-6.0; 4-5 baseline symptom
categories: adjusted HR 4.7, 95% CI 3.8-5.8). The increased risk for mortality by baseline CD4
cell count and number of baseline symptom categories persisted across the five years of this
analysis (Figure 2b).

To understand treatment outcomes further, a subgroup of patients with at least one follow-up
CD4 cell count were identified, on which immunologic treatment failure rates and CD4 cell
count responses could be analyzed. Among the 48,785 patients, 31,070 (64%) had at least one
follow-up CD4 cell count (median 3, IQR 2-5) performed during a median follow-up time of
25 months (IQR 12-42), with a median of 8 follow-up visits (IQR 5-10). In comparing baseline
characteristics between the 31,070 with follow-up CD4 cell counts and the 17,715 without,
significantly fewer of those with follow-up CD4 cell counts had baseline CD4 cell counts <50/
μL (28.5% vs. 32.6% among those with baseline CD4 cell counts, P<0.001) but a similar
proportion had baseline symptom categories (81.9% vs. 82.0%). Overall, 7697/31,070 patients
(25%) met the definition for immunological treatment failure across the five years, 67% of
whom were former plasma donors (Table 1). The cumulative proportion of treatment failure
patients increased over time, from 12% (11.6/100 person-years) at one year to 50% (12.0/100
person-years overall) at five years (Figure 3). If the treatment failure cutpoint were changed
from six months to one year, the cumulative failure rate would be much lower at one year (6%)
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but only slightly lower at five years (47%). The mean CD4 cell count response over time
demonstrates the contrast between the treatment success and failure cohorts, with the treatment
success group continuing to rise across the five years while the treatment failure group peaked
under 250/μL at 30 months, then declined thereafter (Figure 3).

In the Cox regression analysis of treatment failure, low baseline CD4 cell counts were
protective (Table 2), in contrast to the survival analysis (Figure 2b). The reason for this relates
to the difference in number of CD4 cell counts done between those categorized as treatment
failure versus success. The treatment failure group had median 4 (IQR 3-6) follow-up CD4
cell counts whereas the treatment success group had median 3 (IQR 2-5, P<0.001). Thus, with
significantly fewer follow-up CD4 cell counts, some of those categorized as treatment
successes were likely categorized as such simply because they had less opportunity to be
identified as treatment failures. To confirm that this explains the seemingly protective effect
of low CD4 cell counts on treatment failure, a univariate analysis of the number of follow-up
CD4 cell counts was done. Each additional CD4 cell count was associated with a slightly
increased risk of treatment failure (HR 1.08, 95% CI 1.07-1.09). A second univariate analysis
of treatment failure patients only was done. The results were consistent with the mortality
analysis, with those with the lowest CD4 cell counts at the highest risk of failure (CD4 <50/
μL=HR 1.5, 95% CI 1.4-1.6; CD4 50-199/μL=HR 1.1, 95% CI 1.0-1.1; CD4 ≥200/μL=HR
1.0).

Being a former plasma donor was protective in the univariate model for treatment failure (HR
0.7, 95% CI 0.7-0.7) but at higher risk in the multivariable model (adjusted HR 1.4, 95% CI
1.3-1.5, Table 2). This change in point estimate was due to the large number of missing baseline
CD4 cell counts among former plasma donors because this cohort was treated the earliest in
China. Among the 31,070 patients evaluated for treatment failure, 61% of former plasma
donors, 8% of sexual transmissions, and 2% of injection drug users were missing baseline CD4
cell counts. As such, only a minority of former plasma donors entered the multivariable model,
biasing the final results. When CD4 cell counts were excluded from the multivariable model,
the former plasma donor point estimate (adjusted HR 0.5, 95% CI 0.4-0.6) was in the same
direction as the univariate result.

Discussion
China's National Free Antiretroviral Treatment Program faces severe resource limitations
similar to those in other low or middle income countries because those infected are
predominantly poor and live in rural, severely under-resourced areas of the country. Significant
effort has been made to develop an infrastructure capable of treating large numbers of people
across a wide geographic area, including training of rural healthcare workers, limited CD4 cell
count monitoring, and using mostly Chinese-produced generic HIV drugs with almost no
second line treatment options (3,4). Thus, the rapid scaling up of China's national treatment
program from 2002-2008 to treat 48,785 previously ART-naïve adult AIDS patients has two
most notable outcomes. The first is its success in decreasing mortality from 22.6/100 person-
years at three months to about 4-5/100 person-years after six months on HAART. This
reduction in mortality, to levels similar to other resource-limited countries (5,8,18,21), was
then sustained across the subsequent 4½ years. The second notable outcome is that
immunological treatment failure rates increased over time to about 50% at five years in the
absence of readily available second-line treatment options.

In this study, AIDS mortality among the 48,785 patients was highest during the first six months
of treatment, similar to other studies identified through an English-language MEDLINE search
(5-8,11,26-30). Our initially high mortality, however, was likely not due primarily to treatment
related factors, such as severe immune reconstitution inflammatory syndrome. In a previous
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analysis of 4,093 former plasma donor AIDS patients, we showed that mortality declined from
27.3/100 person-years pre-treatment to 4.6/100 person-years post-treatment (31). This
previously reported decline in mortality is consistent with the results of our current, much larger
analysis. Thus, although immune reconstitution inflammatory syndrome may play a
contributing role, the 22.6 deaths/100 person-years over the first three months of treatment in
this study likely reflects primarily the natural history of untreated AIDS, followed by a dramatic
decline in mortality over the subsequent three months of HAART due to a reconstituting
immune system. Our analysis of risk factors associated with mortality supports this conclusion,
with those most immunosuppressed at baseline at the greatest risk of death, particularly in the
first six months of treatment. Of note, this increased mortality still persisted across five years
when compared to those starting treatment at less immunosuppressed levels (Figure 2b), similar
to other studies (32,33). Furthermore, our use of easily diagnosed baseline symptom categories
predicted mortality as well as CD4 cell counts (Table 2) and, if validated by other studies, could
be useful in other resource-limited settings.

Our analysis of immunological treatment outcomes demonstrates increasing failure over time
when second-line treatment options are not widely available. Most studies of treatment
outcomes only report change in CD4 cell count over time (9), not treatment failure rates. One
year immunological treatment failure rates reported from Zambia (13/100 person-years) (5),
Haiti (9%) (6), and Asia (6.7/100 person-years) (34) are similar to our results but use differing
definitions of failure, making direct comparisons difficult. To maintain uniformity and allow
comparability between cohorts, we used WHO criteria to define immunologic treatment failure.
There are limitations with this approach because immunologic criteria for treatment failure are
less sensitive and specific than virologic criteria (35-39), causing our failure rates to be
overestimates. Conversely, with a median of only three CD4 cell counts per patient during
follow-up, our failure rate at any individual time point is likely an underestimate because if
more CD4 cell counts were done, more patients would be found to be in treatment failure. Our
rates, therefore, should be viewed as general estimates rather than precise values. Finally, the
decreased number of patients included in the multivariable model, primarily due to missing
baseline CD4 cell counts, limits the generalizability of our results. These limitations, however,
do not alter the very concerning overall trend of significantly increasing immunological
treatment failure rates to around 50% at five years when almost no second line treatment options
are available.

There are limitations to our study in addition to those discussed above. First, observational
databases have potential inherent biases. Data quality is dependent on healthcare providers
across the country completing data forms accurately. Missing data due to lack of patient follow-
up or lab tests are problematic. However, the data collected are a reflection of real-world
treatment realities in a resource-limited setting. With 48,785 patients, and results consistent
with other developing country cohorts, it is unlikely that any single bias affected the results
dramatically. Second, 10% of our patients were late. If mortality was significantly higher in
this group, our overall mortality rate would be underestimated (40). We reviewed the
independently maintained national HIV epidemiology database and found that among 3589
(71% of our late patients) with follow-up information, 321 (9%) had died. This is consistent
with our overall mortality rate of 13%. Thus, it is not likely that these late patients have
significantly different mortality outcomes. Third, we unfortunately did not have a reliable
measure of medication adherence, which has been correlated with treatment failure (41,42).
The current case report form does have an adherence question but the way the question is
phrased is so vague that the data are difficult to interpret. The form is being revised and the
next version will ask a much more specific question about the number of missed doses in the
previous seven days. Finally, a recent analysis demonstrated low sensitivity of the WHO
immunological treatment failure criteria compared with virologic criteria (39). While the
immediate, temporal correlation of immunologic and virologic treatment failure may be low,
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our analysis shows long-term outcome differences using the immunologic criteria with a sharp
contrast between the CD4 cell count responses of the immunologic treatment failure and
success cohorts (Figure 3). How these long-term immunologic outcomes correspond to
virologic outcomes remain to be seen.

In summary, our analysis of the National Free Antiretroviral Treatment Program highlights
both areas of success and areas needing improvement. First is not only the success of reducing
mortality among AIDS patients to levels reported by other low or middle-income countries but
that this low mortality rate was maintained across five years using primarily Chinese-produced
generic drugs. However, the unacceptably high initial mortality following treatment initiation
emphasizes the need to begin treatment sooner due to the significant associations of low
baseline CD4 cell count and baseline symptoms with mortality. The national treatment program
needs to encourage earlier HIV treatment through increased screening and work to reduce
stigma and discrimination, which deter people from being screened and accessing care. The
national treatment program is also changing its treatment initiation criterion from CD4 cell
count below 200/μL to below 350/μL. Second is that successful first-line regimens will not
last and that second-line regimens are essential. There is an urgent need to develop more precise
definitions of treatment failure and to evaluate critically the usefulness and cost-effectiveness
of monitoring tools to support long-term ART (43-46). A comprehensive approach to HIV/
AIDS incorporating both efforts to initiate treatment earlier and provide second-line therapy
is necessary if the short-term gains achieved from first-line therapy are to be sustained and
improved. With longer-term data on the longevity of first-line antiretroviral treatment regimens
in resource-limited settings, such as in our analysis, policy makers and funders of healthcare
can develop more concrete estimates in planning for the amount and cost of second-line
treatment regimens required in the coming years. In China, second-line therapy is now being
introduced to the national treatment program and the challenge will be how to scale up access
in a way which does not merely postpone treatment failure and the need for third-line treatment.
Finally, as treatment improves and patients live longer, the National Free Antiretroviral
Treatment Program will need to deal with co-morbidities such as long-term treatment side
effects, hepatitis B and C virus co-infections, and heart disease (47).
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Figure 1.
Schematic diagram of the 52,191 total patients in the National Free Antiretroviral Treatment
Program, China, June 2002 – August 2008.
Note: Active patients are those without a treatment termination date recorded who were last
seen within six months of August 30, 2008. Late patients are those without a treatment
termination date recorded but had not been seen within six months of August 30, 2008.
Withdrawn patients are patients with a treatment termination date recorded for any reason.
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Figure 2.
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Overall change over time by mortality and life table survival rate (2a) and life table survival
stratified by baseline CD4 cell count and number of baseline symptom categories (2b)
following treatment initiation for previously antiretroviral therapy naïve adult AIDS patients
in the National Free Antiretroviral Treatment Program, China, June 2002 – August 2008.
Mortality rate shown reflects each three month interval.
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Figure 3.
Cumulative immunological treatment failure rate and CD4 cell count response stratified by
treatment success and failure over time among the 31,070 patients with at least one follow-up
CD4 cell count in the National Free Antiretroviral Treatment Program, China, June 2002 –
August 2008. CD4 cell counts over time were modeled using the mixed linear model with
maximum likelihood estimation.
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