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ABSTRACT

Background

Anemia is an independent predictor of mortality, which may be utilized as a signal of
deteriorating health. We estimated the association between anemia severity categories and
mortality following the initiation of antiretroviral therapy (ART) among people with HIV (PWH)

in North America.

Methods

Within the NA-ACCORD, annual median hemoglobin measurements between 01/01/2007-
12/31/2016 were categorized using World Health Organization criteria into mild (11.0-12.9g/dL.
men, 11.0-11.9g/dL’'women), moderate (8.0-10.9g/dL. men/women) and severe (<8.0g/dL
men/women) anemia. Discrete time-to-event analyses using complementary log-log link models
estimated mortality hazards ratios adjusted for demographics, comorbidities, and HIV clinical

markers with 95% confidence intervals for the association between anemia and mortality.
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Results

Among 67,228 PWH contributing a total of 320,261 annual median hemoglobin measurements,
257,293 (80%) demonstrated no anemia, 44,041 (14%) mild, 18,259 (6%) moderate, and 668
(0.2%) severe anemia during follow-up. Mortality risk was 5.6-fold higher among PWH with
(vs. without) anemia. The association was greater among males (aHR=5.8 [5.4, 6.2]) versus
females (aHR=4.1 [3.2, 5.4]). Mortality risk was 3.8-fold higher among PWH with mild anemia,
13.7-fold higher with moderate anemia, and 34.5-fold higher with.severe anemia (vs. no anemia).
Median hemoglobin levels significantly declined within 4 years prior to death, with the
maximum decrease the year prior to death. Macrocyticianemia was associated with an increased

and microcytic anemia a decreased mortality risk (vs..-normocytic anemia).

Conclusions
Anemia among PWH who haveinitiated ART is an important predictive marker for mortality
with macrocytic anemia having an increased and microcytic anemia a decreased association with

mortality compared with normocytic anemia.

INTRODUCTION:

Despite the use of effective antiretroviral therapy (ART), virologic suppression and immune
recovery, anemia is highly prevalent among people with HIV (PWH)'%. Prior to effective ART,
anemia was associated with HIV disease severity leading to poor quality of life and higher risk of
death™. Even following ART initiation in PWH, anemia has remained an independent predictor

of mortality, with improved survival following resolution of anemia®’.
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Data on the association of anemia with survival among PWH is predominately from either pre-
ART or early-ART eras*®®, with many of the recent studies being conducted in low- or middle-
income countries, where anemia risk factors, prevalence and outcome may not be generalizable
elsewhere”'’. Anemia among North American PWH has been assessed as part of the Veterans
Aging Cohort Study (VACS) Index, which is a risk assessment tool that provides a score to
predict the risk of mortality among PWH who have initiated ART" 13 Within the VACS Index
1.0, PWH with hemoglobin levels <10g/dL are assigned the most points out of any other
included category resulting in an estimated 17% increased risk in all-cause 5-year mortality
when holding other categories at baseline'' . Anemiafemains a dominant predictor in VACS
Index 2.0 which is based on a more recent sample of patients, and which treats hemoglobin as a
continuous variable'*!>. However, the VACS Index is focused on an estimation of overall risk of

mortality and does not characterize anemia as an independent predictor of mortalityls’lé.

In both the general population and PWH, women are known to have a higher prevalence of
anemia'’. Anemia in young women.is more prevalent due to menstruation leading to iron
deficiency anemia and therefore believed to be associated with better outcomes when compared
with men with anemia'®"". There is little data on the association of anemia on mortality among
PWH following initiation of ART and evaluating HIV viral suppression, particularly when
stratified by anemia severity categories, sex and by mean corpuscular volume (MCV). The MCV
documents the average size of red blood cells (RBC), which is used to classify anemia types and
provide context into potential underlying mechanisms®’. Anemia among PWH may be an early
indicator of mortality and therefore understanding this association can help care providers

identify and intervene on those at highest risk.
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We aimed to a) estimate the association of mortality by anemia, anemia severity categories, and
MCYV categories among PWH in North America who had initiated ART, and b) identify

differences by sex on the association of anemia on mortality.

METHODS

Study population

The North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) is a
consortium of longitudinal HIV cohort studies in the United States and Canada and is the North
American region of the International epidemiology Databases to Evaluate AIDS (IeDEA)
initiative of the National Institute of Allergy and Infectious Diseases”'. NA-ACCORD eligibility
criteria include successful linkage into clinical care (defined in NA-ACCORD as >2 HIV care
visits in 12 months). Participating cohorts submit data annually to the Data Management Core
(DMC, University of Washington, Seattle WA), where data undergo quality checks, and are
transferred to the Epidemiology/Biestatistics Core (EBC, Johns Hopkins University, Baltimore
MD). Each participating cohort has approval from their respective local institutional review

boards (IRB). This study was approved by the University of Calgary IRB.

The source population for our nested study was PWH (=18 years) participating in one of 17 NA-
ACCORD-contributing clinical cohorts that also contributed hemoglobin measures. Individual-
level selection criteria for our study population included those who had initiated ART (defined as
the first date of observed ART prescription), were observed in care from Jan 1, 2007— Dec 31,

2016 (study period) and had at least one measured hemoglobin during the study period. Of those
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excluded for not having a hemoglobin measurement (3,163 (3.5%)), less than 1% of these
individuals also had a CD4 count, or viral load measured during the study period, likely

reflective of their level of engagement in HIV care.

Anemia Ascertainment

Time varying anemia severity categories were included in time-to-event-analysis each year using
annual median hemoglobin measurements. Annual median hemoglobin measurements were
categorized based on World Health Organization (WHO) definitions as no anemia«(=13g/dL
men, >12g/dL. women) or mild anemia (11.0-12.9g/dLlimen, 11.0-11.9g/dL women), moderate
(8.0-10.9g/dL) or severe (<8.0g/dL)*. In a sensitivity analysis annual median hemoglobin was
utilized as a continuous variable. The MCV associated with the lowest hemoglobin measurement
annually was categorized as normocytic (80-100 femtolitre (fL)), macrocytic (>100 fL), or
microcytic (<80 fL) for each year of participant follow-up. Therefore, PWH could contribute

data to various anemia severity and MCV categories over the study period.

Outcome: All-cause Mortality

Death was defined as all-cause mortality occurring during the study period as well as within each
year of median hemoglobin observation. Deaths in the NA-ACCORD are ascertained through
linkages with: (1) provincial, state, or national death registries (includes the US National Death
Index); (2) medical record abstraction after notification of death to the attending physician; (3)
outreach to family and/or friends; and (4) monitoring of obituaries. Mortality rates were

comparable between cohorts with and without registry linkages™.
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Covariates of interest

Sex was defined as sex at birth. Race and ethnicity were grouped into non-Hispanic white, non-
Hispanic Black, Hispanic, and other/unknown categories. HIV acquisition risk group was
determined at enrollment into the individual cohorts; using a mutually exclusive hierarchy
including: 1) injection drug use (IDU); 2) men who have sex with men (MSM); 3) heterosexual

sexual contact; 4) other or unknown risk.

Comorbidity ascertainment was time-varying and assessed prior to each year of observation
using NA-ACCORD operationalized definitions for hypertension (HTN), diabetes mellitus
(DM), chronic kidney disease (CKD)*, hypercholesterolemia and non-AIDS defining cancer
(NADC)25 (Supplemental Table 1). Hepatitis B.(HBV) and hepatitis C (HCV) infection were

parameterized as ever/never.

Other time-varying covariates included history of clinical AIDS diagnosis, CD4 count
(cells/mm?), HIV RNA (copies/mL), and current ART use. The median annual CD4 count, and
HIV viral load were calculated each year of observation. Individuals with missing CD4 count or
HIV viral load measurement within the year were excluded. Individuals were categorized as
having an ART interruption if they had a gap in ART prescriptions for 3 months or more and
were not censored. All covariates were selected a priori based on clinical knowledge and review

of relevant literature.

Statistical Analysis

11
Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibite



To minimize the risk of falsely assuming complete event ascertainment from electronic health
records, we used an “observation windows” approach26. Study entry (baseline) was defined as
the date the cohort began observing patients, observation window open date for all covariates,
patient enrollment date into the NA-ACCORD, date of ART initiation, or January 1, 2007,
whichever came last. Study exit was defined as the earliest date the cohort stopped observing
patients, observation window close date for all covariates, the date the patient was lost-to follow
up (defined as their last CD4 or HIV RNA measurement prior to a.gap of >18 months), date of

death, or December 31, 2016, whichever came first.

The difference in median annual hemoglobin measurements were visualized between those who
were censored at study exit compared with those who died, looking back each year from either
the year of censoring or death. All-cause mortality rates were calculated (per 100 person-years
(PY)) by dividing the number of ‘deaths by number of observation years. Discrete (yearly) time-
to-event analyses with complementary log-log link regression models estimated crude (cHR) and
adjusted hazards ratios (aHR) and 95% confidence intervals (CI) for death by time-varying
annual anemia severity categories. Subgroup analyses were conducted stratified by 1) sex and 2)
only including PWH with anemia to assess the association of different MCV categories on
mortality. P-value <0.05 with two-tailed tests were considered statistically significant. All

analyses were performed using STATA version 16.0 (College Station, TX).

RESULTS
Of 320,261 total annual median hemoglobin observations from 67,228 PWH meeting inclusion

criteria (Supplemental Figure 1), 257,293 observations (80%) were not anemic, 44,041(14%)
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had mild anemia, 18,259 (6%) had moderate anemia, and 668 (0.2%) had severe anemia (Table
1). A total of 300,108 PY were observed with similar mean follow-up time in those with any
anemia compared to those without anemia (3.63 years vs. 3.74 years, respectively). Among PWH
within the youngest assessed age group (18-39 years), 14% had median hemoglobin measures
categorized as anemic whereas 39% of PWH within the oldest assessed age group (=70 years)

had median measures of anemia.

Among median hemoglobin measures, 31% of measurements in female PWH were categorized
as anemic with 18% in males. The median CD4 count was 517 cells/mm” and viral load was 48
copies/mL among all participants during years of observation in the study. Among PWH without
anemia, 7% had CD4 counts <200 cells/mni° and among PWH with severe anemia, 48% had
CD4 counts <200 cells/mm”’. Anemiawas significantly more common among PWH with HCV
(30% vs. 17%), HBV (23% vs..19%), DM (33% vs. 18%), HTN (27% vs. 15%), CKD (33% vs.

17%), as well as an AIDS defining illness (27% vs. 17%).

During the study period there were 5,638 deaths in PWH; 1,478 (26%) were among PWH
without anemia and 4,160 (74%) were among PWH with anemia based on the median annual
hemoglobin measurement the year of death (Supplemental Table 2). Of PWH with median
annual measurements of mild anemia 3% died, moderate anemia 14% died, and severe anemia
28% died within the same year. PWH who died had lower median CD4 counts within the year of
death (273 cells/mm? vs. 521 cells/mm?> ), were more likely to have a median viral load of >200

copies/mL (37% vs. 17%) and to have had a clinical AIDS diagnosis (47% vs. 24%).
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Change in Annual Median Hemoglobin

The annual median hemoglobin of PWH who survived during the entire study period remained
relatively unchanged with a maximum change of 0.1g/dL (Figure 1). The annual median
hemoglobin of PWH who died during the study period decreased by a total of 1.1g/dL. The
largest change occurred in the year prior to death where the median annual hemoglobin declined
by a median of 0.6g/dL. Among PWH who died (n=5,638), 1,153 (20%) did not have
hemoglobin measurements the year prior; of those that did, 3,182 (71%) had a lower median
hemoglobin than the year prior. A significant decline in annual median hemoglobin among PWH
who died compared to those who were censored out of the study was identified within the 4
years prior to death (P<0.001), with a greater decline seen among males compared with females
(Figure 1). As an HIV viral load >200 copies/mL was associated with both increased prevalence
of anemia and an increased risk of meortality we evaluated if the change in annual median
hemoglobin was associated with'HIV viral replication. The difference in median annual viral
load measures were assessed between those who were censored at study exit compared with
those who died. The ‘annual median change in viral load remained O copies/mL looking back
each year from study exit among both PWH who were censored and those who died. Therefore,
the identified decrease in median hemoglobin prior to death was not associated with a change in

median HIV viralload.

Mortality Rates (MR) in PWH by Anemia status and its Severity
The mortality rate (MR) (per 100 PY) for PWH without anemia was 0.61 [0.58, 0.64] and 7.30
[7.08, 7.52] for those with anemia, (mild: MR=3.56 [3.38, 3.75], moderate: MR=16.03 [15.41,

16.66], and severe: MR=36.44 [31.54, 42.11]) (Table 2). The mortality rate was greater among
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males with anemia (mild: MR=4.00 [3.80, 4.22], moderate: MR=20.11 [19.30, 20.96], severe:
MR=48.47 [41.47, 56.65]), compared to females with anemia (mild: MR=1.00 [0.78, 1.29],

moderate: MR=5.71 [5.05, 6.46], severe: MR=14.53 [9.89, 21.34]).

Risk of Death among PWH with Anemia and by Anemia Severity Category

Anemia was associated with an increased risk of death among PWH who had initiated ART
(aHR=5.62 [5.24, 6.04]) (Table 3). This increased risk of death by anemia was greater among
males (aHR=5.78 [5.37, 6.23]) than females (aHR=4.13 [3.17, 5.40]). With increasing severity of
anemia, the risk of death increased (Figure 2). Amongmales, 2% died the same year they had
median annual hemoglobin measurements of 12-13g/dl, whereas 35% of those who had median
annual hemoglobin measurements of <8g/dl died. Among females, 1% died the same year they
had median annual hemoglobin measurements of 11-12g/dl, whereas 13% of those who had
median annual hemoglobin measurements of <8g/dl died (Figure 2). Per each 1g/dL lower
median hemoglobin the adjusted risk of death increased by 72% (aHR=1.72 [1.69-1.74]), 74%
(aHR=1.74 [1.72-1.77]) among males and 65% (aHR=1.65 [1.56-1.75]) among females. The risk
of death increased by 3.8-fold for PWH with mild anemia, 13.7-fold with moderate anemia and

34.5-fold with severe anemia compared with PWH with no anemia (Table 3).

Overall, females with HIV had a 37% (aHR=0.63 [0.57-0.71]) reduced risk of mortality
compared with males with HIV (Supplemental Table 3). To evaluate the differences by sex on
the association of anemia on mortality, a stratified analysis was done by birth sex (Table 3).
Males with mild anemia had a 4-fold (aHR=3.99 [3.69-4.31]) increased risk of death, with

moderate anemia a 15-fold (aHR=14.82 [13.72-16.01]) increased risk and with severe anemia a
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38-fold (aHR=38.13 [32.00-45.44]) increased risk of death compared with males with no anemia.
Females with mild anemia had a 2-fold (aHR=2.04 [1.48-2.83]) increased risk of death, moderate
anemia a 7-fold (aHR=7.28 [5.64-9.40]) increased risk and with severe anemia a 16-fold

(aHR=15.89 [10.03-25.16]) increased risk of death compared with females with no anemia.

Risk of Death among PWH with Anemia by MCV Category

Among PWH with anemia, macrocytic vs. normocytic anemia was associated with a greater risk
of death (aHR=1.40 [1.22-1.61]) whereas microcytic vs. normocytic anemia conferred relative
protection (aHR=0.57 [0.46-0.70]). In analyses stratified by sex, the increased risk of death
among females with macrocytic anemia attenuated (aHR=1.33 [0.95-1.88]) and the protective
association with microcytic anemia vs. normocytic was more pronounced (aHR=0.44 (0.29-

0.67)].

DISCUSSION

Following the initiation of contemporary ART, anemia has remained a predictor of mortality
among PWH in North America. Mortality risk increases significantly as anemia severity
increases and with each 1 g/dL decline in median annual hemoglobin measurements. Males with
mild, moderate, and severe anemia have lower survival probabilities compared with females of
the same anemia severity category. Within the 4 years prior to death the median annual
hemoglobin begins to decline with the sharpest decrease within the year prior to death for both
males and females. The change in annual median hemoglobin did not have a corresponding

change in annual median HIV viral load. Anemia remains a significant predictor for mortality,
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which differs by sex and severity of anemia and can be utilized clinically as an early signal of

deteriorating health.

Prior studies in the pre- or early-ART era found anemia was associated with increased mortality
among PWH, we found this remains true even in the current treatment era*®"*’. Like CD4
counts and viral loads, hemoglobin level is an independent prognostic marker™®, In the 1990’s,
Mocroft and colleagues identified a continual decrease in hemoglobin levels among PWH who
died, while hemoglobin levels remained stable among those who survived, suggesting that
hemoglobin is predictive of survival®. Over 12-monthsof follow-up, they found the hazards of
death increased by 57% for each 1g/dL reduction in hemoglobiné. Compared to these earlier
studies, we identified a reduced magnitude of association between anemia and mortality, yet
anemia remains a significant predictor of mortality. The VACS Index which has been validated
within the NA-ACCORD population also identified an‘increasing association between anemia
severity and mortality, however anemia in this index was not studied as an independent predictor

of mortality nor evaluiated for sex-based differences in mortality'"'*'>1°,

Males with HIV and anemia had a higher risk of mortality across all anemia severity categories
when compared with females. Younger females likely have a higher prevalence of anemia
because of blood loss through menses, typically leading to iron deficiency which decreases
following menopauselg. In contrast, anemia among men is not related to a physiologic process
but instead likely reflects underlying pathology %% Therefore, the difference in mortality
outcomes may be because of the underlying etiology of anemia being different between men and

women, which is also identified through mortality differences in age categories by sex. This
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association may in part also explain the difference in mortality risk by MCV categories of
anemia as the most common cause of microcytic anemia is iron deficiency which is more
prevalent among menstruating females®”. However, as anemia was significantly associated with
all-cause mortality among both males and females, identification of anemia should prompt
clinicians to investigate the underlying cause, specifically if the anemia is moderate/severe or

progressive.

We identified a reduced mortality risk among PWH with mierocytic vs. normogcytic anemia, an
association not identified by other studies®®*’. One study conducted in Sub-Saharan Africa
identified that microcytosis at the time of HIV diagnosis was associated with a higher 12-month
mortality36. However, microcytosis was found to have no association with survival in the
Women’s interagency HIV study (WIHS)". There remains little data on the association of MCV
on mortality among PWH, however this has been studied in different populations. A Swedish
study of anemia in the general population identified the highest mortality with macrocytic
anemia with no significant differences noted between microcytic and normocytic anemia'’. In
keeping with our findings, macrocytosis has been associated with a higher mortality among other
subpopulations including those with malignancies, heart failure, end stage renal disease and
critical illness™* > . It has been suggested that macrocytosis is associated with higher mortality as
it likely results from impaired DNA synthesis leading to abnormalities of RBC nuclear
maturation and therefore reflects bone marrow function®*. Macrocytosis is known to increase
with age and is associated with multiple comorbidities, nutritional deficiencies, drugs, and

toxins>>-8,
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Despite increasing age being a risk factor for anemia, older age itself is not a cause of anemia®.

Anemia among older adults is associated with an increased risk of hospitalization and all-cause
mortality30. As PWH are an aging population in North America’' and both age and HIV are
associated with increasing prevalence of anemia, clinicians should be aware of the association

with mortality to prompt timely screening, investigation, and treatment.

We identified a significant association of anemia on mortality among PWH, however whether
anemia is an independent risk factor for death or a surrogate marker of underlying pathology
increasing the risk of death remains unanswered. In the VACS Index anemia is an important
predictor of mortality independent of other measured biomarkers of organ system injury. Low
hemoglobin concentrations reduce carrying‘capacity and delivery of oxygen which may
contribute to adverse outcomes*'. Alternatively, anemia results from many chronic conditions
which increase mortality. Anemia appears to be a significant prognostic marker for mortality
among PWH, particularly among males, which increases considerably with worsening anemia
severity. These findings highlight the importance of regular screening for investigations into the

cause, and treatment of anemia among PWH.

There are limitations to this work. We did not have information on causes of death, which would
be a valuable subject for future studies as well as provide further information on the context of
the association of anemia on survival. Our definition of anemia and anemia severity categories
are based on WHO criteria, which does not account for possible racial/ethnic variations in
normal hemoglobin ranges. We used the median hemoglobin annually to categorize anemia to

limit measurement bias as individuals with anemia are more likely to have repeated hemoglobin
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measurements, however this would not capture hemoglobin fluctuations over the year. As
enrollment criteria into the NA-ACCORD includes only individuals successfully linked into care
and initiated on ART, our findings are not generalizable to PWH who do not link to HIV care.
There may also be selection bias in that individuals who never had a hemoglobin measurement
were excluded from this study. There is likely to be residual confounding impacting the
identified association of anemia on death, particularly active drug use or‘alcohol misuse,
socioeconomic status, traumatic events, diet and nutritional status, which were not measured. We
used the eGFR calculation adjusted for race, new data demonstrates limitations with this
approach and therefore we may have underestimated kidney disease among Black PWH. We
were unable to identify the underlying etiology of anemia, which likely would result in mortality
risk differences. Further studies are needed to characterize mortality risk by different underlying

etiologies of anemia among PWH to improve risk stratification.

The strengths of this work include the use of a large, well-characterized, and representative
cohort of PWH who/are linked to HIV care in the United States and Canada. Due to our
longitudinal study design and large participant numbers, we were able to assess differences in
mortality by anemia severity, particularly severe anemia, which is a rare exposure (0.2% in our
study) as well as stratification by sex and evaluation of MCV categories. The retrospective
longitudinal data provided the ability to evaluate median hemoglobin trends prior to death as
well as provide longitudinal risk estimates, which is novel and clinically relevant to care

providers.

CONCLUSIONS
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Among both male and female PWH who have initiated ART, anemia is an important predictive
factor for death. The association of anemia with death increased with worsening anemia severity
and was significantly greater among males compared with females who were predominantly pre-
menopausal. Macrocytic anemia is associated with a higher mortality risk whereas microcytic
anemia a lower mortality risk compared with normocytic anemia. Median hemoglobin levels
decreased significantly within the 4 years prior to death. Clinicians should be aware of the
association between anemia and mortality following ART initiation, as well as the differences by
sex and MCV categories. Regular screening for anemia and among those with anemia, timely

investigation and treatment remains a critical aspect of HIV management.
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Figure Legends:
Figure 1: Change in Annual Median Hemoglobin looking back from time of censoring or death
comparing PWH in the NA-ACCORD comparing those censored at the time of study exit

compared to those who died.

Figure 2: Annual Survival among Males and Females with HIV in the NA-ACCORD by median
annual hemoglobin measurement among those with anemia. Anemia was defined as <13g/dL

males, <12g/dL females.

Supplemental tables and figures---http://links.lww.com/QAI/C335
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