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Abstract
Background—Data from randomized trials on the development of anaemia after interruption of
therapy is not well described.

Methods—2248 patients from the SMART study were included. We used Cox proportional
hazards models to investigate development of new (≤12 mg/dl for females, ≤14 mg/dl for males)
or worsening (≤8 mg/dl if anaemic at randomization) anaemia and poisson regression analyses to
explore the relationship between anaemia and the development of AIDS, death or non-AIDS
events.

Results—759 patients developed new or worsening anaemia; 420/1106 (38.0%) in the drug
conservation (DC) arm and 339/1127 (30.1%) in the virologic suppression (VS) arm; p<0.0001.
At 4 months after randomization, patients in the DC arm had a significantly increased risk of
developing new or worsening anaemia (adjusted relative hazard 1.56, 95% CI 1.28–1.89).
Currently anaemic patients had an increased incidence of AIDS (adjusted IRR 2.31; 95% CI 1.34–
3.98), death (2.19; 95% CI 1.23–3.87) and non-AIDS events (2.98; 95% CI 2.01–4.40) compared
to non-anaemic patients.

Conclusions—Patients who interrupted cART had a higher risk of new or worsening anaemia.
Anaemic patients had a higher incidence of AIDS, non-AIDS defining events or deaths, possibly
due to deteriorating health and subclinical disease.
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Introduction
Anaemia occurs in a substantial proportion of HIV-infected persons and is associated with
considerable mortality and morbidity(1-8). There is less information about whether anaemia
is a predictor of events traditionally not thought to be related to HIV, such as cardiovascular
disease, chronic kidney disease and cancer, where anaemia is a risk factor in non HIV-
infected persons(9-12). Preliminary evidence suggests that anaemia plays a role in fatal and
non-fatal non-AIDS events in HIV-infected persons(13). The causes of anemia in HIV-
infected persons are multifactorial, including use of treatment such as zidovudine or
trimethoprim-sulfamethoxazole (TMP-SMX;(14-16)), nutritional deficiencies(1;17),
increased haemolysis(18-20) or HIV infection itself.

One of many effects of combination antiretroviral therapy (cART), in addition to decreasing
the rates of progression to AIDS and death, is a positive impact on haemoglobin levels as
patients who start treatment tend to experience increases in haemoglobin levels and are less
likely to develop anaemia(21;22). The Strategies for Management of Antiretroviral therapy
(SMART) trial found that interruption of antiretroviral therapy led to an increase in AIDS,
mortality and non-AIDS events(23). This gives rise to the question of whether interruption
of treatment is independently associated with decreases in haemoglobin and increases in the
number of patients with anaemia. This is one of the first studies, to our knowledge, which is
able to assess changes in haempglobin in patients randomized to stop treatment.

The aims of this study were therefore to investigate changes in haemoglobin and
development of new or worsening anaemia in the SMART study and to determine the
relationship between anaemia and AIDS, non-AIDS events and death.

SMART Study Participants and Treatment Protocol
Between January 2002 and January 2006, 5,472 HIV-infected participants were enrolled in
SMART by 318 sites in 33 countries. Participants were eligible if they had a CD4+ count
>350 cells/mm3 and were willing to initiate, modify or stop ART as per study
guidelines(23). SMART participants were randomized to one of two ART strategies. ART
was used uninterrupted in the viral suppression (VS) group to maximize viral suppression.
The drug conservation (DC) strategy entailed episodic use of ART for periods defined by
CD4+ count thresholds. ART was stopped (or deferred) until the CD4+ count dropped to
<250 cells/mm3, at which time ART was to be (re-initiated and continued until the CD4+
count rose to >350 cells/mm3. ART was then stopped and resumed again when the CD4+
count was <250 cells/mm3. During periods of ART use, the goal was to achieve maximal
viral suppression. On January 11, 2006, investigators and participants were notified of a
safety risk in the DC group, enrolment was stopped, and participants in the DC group were
advised to restart ART(23). Patient follow-up continued for a further 18 months and ended
July 11, 2007(24).

The trial protocol was modified on 19 July 2006; a range of laboratory data was collected
retrospectively for all patients where available and prospectively for patients alive and under
follow-up at that date. As it was not possible to retrospectively collect data on all patients,
sites with limited data collected on participants who have died or been lost to follow-up
were excluded from analyses of the retrospectively collected data (defined as < 20% of
dead / lost to follow-up participants), as were sites with < 80% completeness of the
measurements of interest at randomization. This decision to remove entire sites based on
summary characteristics of data from the site, rather than removing individual patients based
on patient characteristics was taken a priori.
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Statistical Methods
Haemoglobin in the SMART study was retrospectively collected at randomization, month 1,
2, 4, 6 8, 10, 12 and every 4 months thereafter. Anaemia was defined as haemoglobin level
≤12 mg/dl for females, ≤14 mg/dl for males; due to small numbers of patients with severe
anaemia (≤8 mg/dl for either males or females)(8;25); anaemia and severe anaemia were
grouped together where appropriate. New or worsening anaemia was defined as the
development of anaemia in patients without anaemia at randomization or development of
severe anaemia in patients with anaemia at randomization. Kaplan-Meier estimation and
Cox proportional hazards models were used to investigate factors associated with the first
occurrence of new or worsening anaemia. Patient follow-up began at randomization to
SMART and ended at new or worsening anaemia or last haemoglobin measurement, thus
analyses did not take account of restarting treatment in the DC arm unless otherwise
specified. Separate models included fixed and time-updated markers, including CD4 count,
viral load, whether the patient was on or off treatment, on or off zidovudine (on treatment
variable), development of a new AIDS or non-AIDS defining event etc. SMART did not
specifically collect data on use of TMP-SMX, although use of Pneumocystis jiroveji
pneumonia (PCP) prophylaxis was collected and adjusted for in models as an indicator of
use of TMP-SMX. Demographic factors, such as age, gender, race, smoking status etc, were
investigated in univariate models, together with laboratory (CD4, viral load) and treatment
(for example, use of zidovudine, PCP prophylaxis, whether the patient was on antiretroviral
therapy at randomization) and forward selection with p<0.2 as entry criterion was used to
select the final model. The proportional hazards assumption was not valid over follow-up
(p=0.0005). As a consequence, follow-up was stratified into the first 4 months following
randomization (this provided the best fitting model and corresponded to follow-up occurring
at month 4) and after this time and a separate model was fitted within each period; the
proportional hazards assumption was then valid within both periods (p>0.05).

Poisson regression was used to investigate the relationship between the development of new
or worsening anaemia and clinical events; using both fixed (ie anaemia at randomization)
and time-updated (ie currently anaemic) values. Clinical events considered were AIDS,
death and non-AIDS events (cardiovascular, renal, liver or malignancy, excluding skin
cancer(26)). Patient follow-up accrued from randomization until the first AIDS event, death
or non-AIDS event respectively, or to last visit for those without an event. There was no
evidence that the relationship between new or worsening anaemia and any of the clinical
endpoints differed in the DC arm compared to the VS arm (p>0.15, all tests for interaction)
and hence they were combined.

All analyses were performed using SAS (Statistical Analysis Software, Cary NC, USA),
version 9.1.

Results
Of 5472 patients randomized to SMART, 2248 (41.1%) were from sites with >80%
complete data collected retrospectively and could be included in this analysis. Excluded
patients were equally likely to have been randomized to the DC arm (1608 of 3224, 49.9%,
p=0.77), but were significantly less likely to be of Black race (p=0.0013), antiretroviral
naïve (p=0.0007) and randomized earlier (p<0.0001). Compared to North America, excluded
patients were more likely to be from any other region and to have a higher viral load at
randomization (both p<0.0001). Excluded patients were more likely to have died (p=0.044),
marginally significantly more likely to develop AIDS (p=0.076), but equally likely to have
developed a non-AIDS event (p=0.21). The characteristics of the 2248 included patients are
shown in Table 1, stratified by the presence of anaemia at randomization; only 3 anaemic
patients had severe anaemia at randomisation. The median haemoglobin at randomization
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for those without anaemia was 14.8 mg/dl (range 12.1–24.2 mg/dl) and in those with
anaemia was 12.9 mg/dl (range 5.1–14.0 mg/dl). Only 23 patients were taking PCP
prophylaxis at randomization, 15 patients without anaemia (0.9%) and 8 patients with
anaemia (1.3%, p=0.43).

The median number of haemoglobin measurements during follow-up per patients was 11
(interquartile range [IQR] 9–13) and median time between consecutive haemoglobin
measurements was 2.3 months (IQR 1.6–3.7). Figure 1 presents a descriptive and cross
sectional analyses showing the proportion of patients with new or worsening anaemia and
with a 10% drop in haemoglobin since randomization at various time-points since
randomisation; patients in the DC arm are censored at restarting antiretroviral therapy. There
was no difference in the proportion of patients with anaemia at randomisation (p=0.36), but
at the 1 month time-point, there was a significantly higher proportion with anaemia in the
VS arm (p=0.0024). In the cross sectional analysis, at 4 months after randomization, 29.2%
of the patients in the DC arm had anaemia at this time-point compared to 28.7% in the VS
arm (p=0.80) while 6.9% in the DC arm had experienced a 10% drop in haemoglobin
compared to 5.0% in the VS arm (p=0.070).

Time to development of new or worsening anaemia
Of the 2248 patients, 3 patients had severe anaemia at randomization and 12 patients had no
further haemoglobin measurements. Of 2233 remaining patients, 759 developed new or
worsening anaemia during follow-up; 420 of 1106 (38.0%) in the DC arm (of whom 11 had
worsening anaemia) and 339 of 1127 (30.1%) in the VS arm (of whom 5 had worsening
anaemia); p<0.0001. Kaplan-Meier probabilities of developing new or worsening anaemia at
12 months after randomisation were 30.0% in the DC arm (95% CI 26.9–32.4%) and 24.5%
in the VS arm (95% CI 22.0–27.1%). In the first 4 months following randomization (Table
2), there was no difference in the risk of new or worsening anaemia when comparing the DC
to the VS arm (adjusted relative hazard [RH] 1.02, 95% CI 0.82–1.25, p=0.88). After the
initial 4 months, patients in the DC arm had a significantly increased risk of new or
worsening anaemia (adjusted RH 1.56, 95% CI 1.28–1.89, p<0.0001). Of 614 patients with
anaemia or severe anaemia at randomization and at least one follow-up measurement, 217 of
294 (73.8%) resolved their anaemia in the DC arm compared to 241 of 320 (75.3%) in the
VS arm (p=0.71). There were no differences between the DC or VS arms in the relative
hazard of resolution of anaemia before (p=0.52) or after adjustment (p=0.47).

After the initial 4 months, patients with a higher current CD4 cell count had a lower risk of
new or worsening anaemia (RH 0.89 per 100/mm3 increase, 95% CI 0.84–0.93, p<0.0001)
and those in the DC arm had a significantly higher risk compared to those in the VS arm
(RH 1.45, 95% CI 1.09–1.92, p=0.0010). There was a significant interaction between
treatment arm and current use of zidovudine (p=0.016). After adjustment, patients in the DC
arm currently taking zidovudine (i.e., patients who started or restarted zidovudine after
randomization to the DC arm) had a 2-fold increased risk of new or worsening anaemia
compared to those not currently taking zidovudine (RH 2.20, 95% CI 1.37–3.54, p=0.0012).
In the VS arm, there was no increased risk in patients currently taking zidovudine compared
to patients not currently taking zidovudine (RH 1.07, 95% CI 0.78–1.48, p=0.67).

New or worsening anaemia was also defined more rigorously to assess the sensitivity of our
findings to small changes in haemoglobin. The same definition as above was used, but
patients were additionally required to have ≥10% decline in haemoglobin. Using this more
stringent definition, 262 patients in the DC arm had new or worsening anaemia (23.7%)
compared to 207 in the VS arm (18.4%). After the initial 4 months, compared to the VS arm,
patients in the DC arm had a significantly increased risk of new or worsening anaemia
(adjusted RH 1.43, 95% CI 1.15–1.75, p=0.011).
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Relationship between anaemia and clinical events
The proportion of patients who had any anaemia at diagnosis of a clinical event (combining
AIDS, non-AIDS and deaths) was similar when comparing DC and VS arms; 25 of the 55
patients (45.5%) in the DC arm who had haemoglobin measured within 28 days of the
combined clinical event were anaemic compared to 24 of 47 patients (51.1%) in the VS arm,
p=0.57. There were no significant differences between the DC and VS arms in the
proportion of patients with anaemia at 3, 6, 9 and 12 months prior to the combined clinical
event (p>0.05, all comparisons).

Table 3 shows the crude incidence rates of death, AIDS and non AIDS stratified by whether
the patient was anaemic at randomization, and using current anaemia status. Anaemia was
defined as haemoglobin ≤14 mg/dl for male and ≤12 mg/dl for female as there was
insufficient follow-up among those with severe anaemia (≤8 mg/dl for either gender) to
include this as a separate category. The incidence of non-AIDS events in patients with or
without anaemia during follow-up was 3.37 (95% CI 2.50–4.25) and 1.13 (95% CI 0.80–
1.46) per 100 person-years of follow-up (PYFU) respectively. Figure 2 shows the
unadjusted and adjusted incidence rate ratios. Current anaemia was a much stronger
predictor of any of the clinical events than anaemia at randomisation. For example,
compared to non-anaemic patients, those who were currently anaemic had a significantly
higher incidence of death (IRR 2.19; 95% CI 1.23–3.87, p=0.0073), AIDS (IRR 2.31; 95%
CI 1.34–3.98, p=0.0027) and non-AIDS events (IRR 2.98; 95% CI 2.01–4.40, p<0.0001). Of
note, current anaemia was associated with CVD (59 events, adjusted IRR 1.83, 95% CI
1.08–3.13, p=0.026) and malignancies (38 events, adjusted IRR 3.42, 95% CI 1.73 - 6.77,
p=0.0004), the most commonly occurring non-AIDS events.

The association between anaemia status and clinical events became weaker with increasing
time since measurement. For example, anaemia status carried forward for up to 6 months (ie
not updated until 6 months even if a more recent value was measured) remained predictive
of all non-AIDS events (adjusted IRR 1.78; 95% CI 1.19–2.26, p=0.0052), whereas when
that time period was extended to 12 months, the relationship between anaemia and non-
AIDS events was considerably weaker and not statistically significant (adjusted IRR 1.39;
95% CI 0.92–2.09, p=0.11). Similar results were seen for death; anaemia status carried
forward for up to 6 months remained predictive of death (adjusted IRR 1.77; 95% CI 1.01–
3.09, p=0.045) but not when that time period was extended to 12 months (adjusted IRR
1.48; 95% CI 0.83–2.63, p=0.18).

Discussion
This study from the INSIGHT SMART study group demonstrated that interruption of cART
was associated with an increased risk of new or worsening anaemia and that patients who
developed anaemia during follow-up had an increased incidence of death, AIDS and non
AIDS events, including malignancies and cardiovascular disease, possibly due to
deteriorating health and/or subclinical disease(27).

There are a number of potential explanations for our finding that patients who interrupted
treatment were more likely to experience new or worsening anaemia. Interrupting treatment
in SMART was associated with a decrease in CD4 counts, increased viral replication and an
increased risk of clinical events(23). Patients in both the DC and VS arms had similar
haemoglobin levels in the months prior to any clinical event, supporting the hypothesis that
anaemia was associated with subclinical disease and deteriorating health equally in both
arms of the trial, as seen in HIV-negative persons(28-30). In addition, when we increasingly
lagged (ie carried forward values that were measured at least a certain period before, rather
than using more recent values) the last haemoglobin measurement, the relationship between
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anaemia status and clinical events became weaker. This suggests that haemoglobin levels
and development of anaemia in response to subclinical disease tends to generally appear
over time in the period prior to diagnosis and that anaemia was a useful short-term marker of
clinical disease progression.

An alternative explanation for our findings is that chronic immune activation is associated
with changes in haemoglobin. The role of chronic immune activation in HIV disease
progression has been raised before(31;32), and previous research from the SMART group
has shown that inflammatory markers, such as IL-6 and D-Dimer were associated with
interruption of therapy, death and opportunistic disease(33;34). The inflammatory marker
differences in SMART were observed within the first few months of randomization(34),
whereas in the present analysis, changes in haemoglobin and differences between the
randomization arms in the proportion with anaemia appeared more slowly. If anaemia is due
to chronic immune activation, it may be that haematologic deterioration takes place only
after many months. Although the similar level of anaemia at clinical events in the DC and
VS arms supports the hypothesis of anaemia due to subclinical disease and deteriorating
health, it is likely there are multiple inter-related and complex pathways that may lead to
anaemia in HIV-infected persons.

A number of previous studies have demonstrated that risk of death and AIDS is increased in
persons with anaemia or decreased haemoglobin, and a number of studies have developed
risk scores to predict disease progression (AIDS or death) which incorporate
anaemia(4;6;7;21-23;35;36). The present study benefits from including patients enrolled in a
randomized clinical trial and includes a diverse population based on gender, geographic
location, race and risk group. There are few previous studies which have reported the
relationship between anaemia and non-AIDS events in HIV-infected persons. There is
increasing evidence that many so-called non-AIDS events are associated with HIV and
occur with increasing frequency with advancing immunodeficiency, including non-AIDS
malignancies, liver-related events, and renal disease(37-43), although there is conflicting
evidence for cardiovascular disease(13;44;45). This analysis found a consistent relationship
between current anaemia status and non-AIDS defining malignancies and CVD, but there
were insufficient events to investigate renal (n=6) or liver-related disease (n=5). EuroSIDA,
a large observational cohort study, found that development of anaemia was associated with
an increased risk of fatal and non-fatal non-AIDS events, the size of the increased risk was
similar to that for AIDS events(13). In non-HIV infected persons, anaemia is associated with
a range of underlying chronic illnesses associated with increased mortality, such as
cardiovascular disease, renal disease, malignancies and liver-related disease(12;46-48), all
of which contribute towards non-AIDS events in the SMART study. Anaemia was
associated with CVD in this analysis. Chronic anaemia may lead to increased cardiac output,
ventricular dilation and left ventricular hypertrophy(49;50), or anaemia may be an
underlying risk factor for myocardial ischaemia(30). We also found a strong relationship
between being currently anaemic and the development of a non-AIDS associated
malignancy. It is possible that the malignancy has infiltrated the bone marrow prior to the
diagnosis of the malignancy, or that the patient has a haematological condition that causes
both the anaemia and the malignancy(51).

Anemia in HIV-infected patients has a number of clinical implications. Anemia can result in
increased fatigue and impaired energy, physical functioning, and overall quality of life, as
well as decreased survival(1;52). Management of anemia requires clinical and laboratory
evaluation to discover the etiology if it can be identified. Potential causes that should be
identified if present and corrected if possible include (among others) blood loss, infiltration
of the marrow by neoplasm or infection, hypogonadism, use of myelosuppressive
medications, and nutritional deficiencies (e.g., iron, B12 or folate(52)). HAART use may
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result in improvement of existing anemia. If correctable causes of anemia have been ruled
out and the hemoglobin level remains low, erythropoietin alfa therapy may be
beneficial(53).

There are several issues to be considered in interpreting our results. The observed changes in
haemoglobin were in patients randomized to stop treatment which implies that the increased
risk of anaemia among those who interrupted ARVs was unlikely to be due to differences in
comorbid behaviors (alcohol, poor nutrition) or disease unrelated to HIV infection. A
significant proportion of the patients included in this analysis were young female and
therefore likely menstruating. We have repeated all analyses separately for men and women
and there was no evidence that results differed by gender (data not shown, all p>0.25 test for
interaction). We used a simple classification for anaemia based on previous work(8;25); the
definition of anaemia differs in other studies(54), but a sensitivity analysis using a more
specific definition showed similar results. The number of patients developing severe
anaemia were too small to allow us to investigate whether severe anaemia had a different
relationship with clinical events compared to moderate anaemia. We chose to consider
anaemia as a categorical variable. We have also looked at analyses investigating the change
over time in haemoglobin (both as a continuous variable and as the proportion of patients
with, for example, >1 mg/dl decline in haemolgobin per year) and factors associated with
this change, with highly consistent results (data not shown). Further information on anaemia,
which may help in the interpretation of our data, such as mean corpuscular volume,
reticulocyte count, ferratin or Vitamin B12 levels, were not available in this study, nor was
information on treatment of anaemia, such as erythropoietin.

To conclude, patients in SMART who interrupted cART had a higher risk of new or
worsening anaemia. Patients with anaemia had a higher incidence of AIDS, non-AIDS
defining events or deaths; whether this relationship is causal or a consequence of the disease
is not clear but suggests that anaemia, or drop in haemoglobin, might be of use as a pre-
clinical marker of disease. From a clinical perspective, our results provide further evidence
of the detrimental effects of interruption of ARVs. They also emphasize that close attention
should be paid to haemoglobin and anaemia in both patients on and off ARVs as low and
decreasing levels are associated with increased likelihood of a wide spectrum of clinical
disease. Further research is warranted to further understand the occurrence of anaemia, its
consequences and underlying pathological mechanisms.
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Figure 1. Haemoglobin and anaemia after randomisation in SMART
Patients in DC arm were censored at restarting treatment. Anaemia defined as haemoglobin
≤14 mg/dl (Male) / ≤12 mg/dl (Female)
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Figure 2. Incidence rate ratio of death, AIDS or serious non-AIDS events
Anaemia defined as haemoglobin ≤14 mg/dl (Male) and ≤12 mg/dl (Female)
See Table 3 for number of events. All adjusted models are adjusted for gender, race, region,
HIV exposure group, hepatitis B and C status, age, CD4 nadir, treatment at randomisation,
DC versus VS arm, antiretroviral naïve at randomisation and date of randomisation. 1Also
adjusted for prior AIDS or non-AIDS at randomisation, CD4 and viral load at
randomisation. 2Also adjusted for development of AIDS or non-AIDS during follow-up,
current CD4 and current viral load. 3Also adjusted for of non-AIDS during follow-up, AIDS
at randomisation, current CD4 and current viral load. 4Also adjusted for development of
AIDS during follow-up, current CD4, current viral load and non-AIDS at randomisation
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