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Abstract

Background: Tuberculosis (TB) remains a major plague of humanity. People with TB (PWTB)
are commonly anemic. Here, we assessed whether the severity of anemia in PWTB prior to
anti-TB treatment (ATT) was a risk factor for an unfavorable outcome.

Methods: Patients > 18 years old with culture-confirmed drug-susceptible pulmonary TB
enrolled between 2015 and 2019 in a multi-center Brazilian cohort were followed for up to
24 months and classified according to anemia severity (mild, moderate, and severe), based on
hemoglobin levels. A multinomial logistic regression model was employed to assess whether
anemia was associated with unfavorable outcome (death, failure, loss to follow-up, regimen
modification or relapse), compared to treatment success (cure or treatment completion).

Results: Among 786 participants who met inclusion criteria, 441 (56 %) were anemic at
baseline. Patients with moderate/severe anemia were more HIV-seropositive, as well as more
symptomatic and had higher frequencies of unfavorable outcomes compared to the other groups.
Moderate/severe anemia (adjusted OR [aOR]: 7.80, 95 %Cl:1.34-45.4, p = 0.022) was associated
with death independent of sex, age, BMI, HIV and glycemic status.

Conclusion: Moderate/severe anemia prior to ATT was a significant risk factor for death. Such

patients should be closely monitored given the high risk of unfavorable ATT outcomes.

Keywords
Tuberculosis; Tuberculosis treatment outcome; Anemia; Death; Hemoglobin

Background

Tuberculosis (TB) persists as a substantial global health challenge, with 1.6 million TB-
associated deaths yearly, and 10.6 million cases worldwide in 2021 [1]. The management of
persons with TB (PWTB) depends on understanding the risk factors associated with disease
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progression and poor anti-TB treatment outcomes, such as HIV co-infection, consumption
habits, diabetes mellitus (DM), and anemia [2-4].

Anemia is defined as a decrease in hemoglobin (Hb) values below well-established cut-

offs (< 13 g/dL for men; and < 12 g/dL for women) and is commonly associated with
inflammatory and/or infectious conditions [5]. This disorder is commonly identified in
PWTB—noted in 61.5 % of TB cases in a recent meta-analysis—and is frequently described
as a marker of greater disease severity and/or more advanced disease [6]. Anemia in PWTB
is multifactorial and is often attributed to inflammation, malnutrition, chronic disease,

and direct bone marrow suppression by TB infection [7]. Importantly, anemia is a major
public health problem regardless of TB, and preferentially affects populations from low-
middle income countries, demonstrating that such condition may be linked to a variety of
multifactorial determinants, from nutritional deficiencies to co-infections [6].

The risk of developing active TB among anemic patients is described to be 3.6 times
greater than in non-anemic patients; such risk appears to increase as the severity of anemia
increases [8]. Anemia is associated with severe clinical forms of TB, such as meningeal
and disseminated TB [9]. Understanding the association between anemia and outcomes

of anti-TB therapy (ATT) can provide insight for more focused and optimized, clinical
management to improve outcomes.

In previous studies, we demonstrated that persons affected by TB-HIV co-infection
exhibited an increased dysregulation of immune activation [10,11]. Furthermore, TB-HIV
individuals who persist with low levels of Hb during the course of ATT have an augmented
risk of unfavorable outcomes, such as treatment failure and death [3]. Whether the severity
of anemia prior to ATT is differentially associated with treatment outcome regardless of
HIV co-infection is not fully understood. The present study aimed to answer this question
in a multi-center prospective cohort that has been shown to be representative of PWTB
reported to the Brazilian National Tuberculosis Program registry [12]. The findings provide
the basis to support implementation of decision-making strategies to systematically screen
for anemia in all newly-diagnosed TB cases and to closely monitor those with severe anemia
to minimize the risk of unfavorable ATT outcomes.

Study design

The Regional Prospective Observational Research for Tuberculosis (RePORT)-Brazil is a
network of researchers with the aim of studying active and latent TB in the Brazilian
population (www.reportbrazil. org). It is composed of five sites (3 in Rio de Janeiro, 1 in
Amazonas, and 1 in Bahia) that followed the same inclusion and exclusion criteria, with
patients being enrolled between June 2015 and June 2019, and with follow-up through June
2021 in all sites. This resulted in a cohort of 1187 cases of active TB and 2700 close
contacts of these patients.

All participants in the RePORT-Brazil cohort were at least 18 years old, with new or
recurrent pulmonary TB, and had culture-positive sputum. For this study, only confirmed

J Infect Public Health. Author manuscript; available in PMC 2023 June 01.
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drug-susceptible patients were included. Epidemiological information was collected using
standardized clinical research forms during study visits at baseline, during and at the end of
treatment, and up to 24 months after enrollment. The collected variables included sex, age,
self-reported race, weight, height, education level, use of alcohol, illicit drugs or tobacco,
presence of co-morbidities, and HIV status. Additionally, Hb values, radiographic evaluation
of chest X-ray, drug susceptibility testing for anti-TB drugs, and CD4 counts (if HIV
positive) were performed. In RePORT-Brazil, the treatment outcome was recorded at the last
study visit (24 months after the initiation of treatment). Outcome definitions are described
below.

Dysglycemia was defined according to HbAlc measure prior to ATT initiation, following
American Diabetes Association (ADA) guidelines [13]. Participants were classified as
having DM (HbAlc = 6.5 %), pre-diabetes (HbAlc=5.7-6.4 %) or normoglycemia (HbAlc
< 5.7 %). In this study, participants with HbAlc > 5.7 % were classified as having
dysglycemia.

Anemia definition

To define anemia, we used the WHO guideline criteria [5]. Anemia was defined as levels
of Hb below 13 g/dL for men or < 12 g/dL for women. Mild anemia was defined as Hb
value > 10 g/dL and < 13 g/dL for men; and > 10 and < 12 g/dL for women, whereas
moderate anemia was defined as Hb > 8 g/dL and < 10 g/dL for both sexes. Severe anemia
was defined as Hb < 8 g/dL for both sexes [5].

Outcome definition

A favorable treatment outcome was defined as cure or completed treatment. An unfavorable
outcome was defined as treatment failure, lost to follow-up, recurrence, or death during
treatment. The definitions for clinical and bacteriological cure, failure, lost to follow-up,
recurrence, and death corresponded with the recently updated WHO guidelines [14]. The
definitions in details of treatment outcomes for RePORT-Brazil cohort were previously
described by our group [15] and reported in Supplementary Table 1.

Statistical analysis

In this study, we used as measures of central tendency and dispersion the median and
interquartile range (IQR), respectively. The Mann-Whitney U (between two groups) or
Kruskal Wallis (> two groups) test were used to compare continuous variables based on

TB and anemia grade. Categorical variables were reported as absolute values or relative
frequencies (%), and they were compared using the Fisher’s exact test (between two groups)
or the Pearson’s chi-square test (between more than two groups).

We utilized logistic regression (as an explanatory model) to ascertain whether anemia is
associated with the treatment outcomes independent of other factors. The odds ratio (OR)
and 95 % confidence intervals (Cis) of the associations with clinical and epidemiological
characteristics and unfavorable outcomes were estimated using a multinomial logistic
regression model (stepwise method) including all available variables described in Table 1.
After the logistic regression model adjustment, the results on anemia severity were reported.

J Infect Public Health. Author manuscript; available in PMC 2023 June 01.
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A statistically significant p-value cut-off point < 0.05 was used. A conceptual model towards
identifying the risk factors of unfavorable outcomes is detailed in Supplementary Figure 2.
Statistical analyses were performed using R language (version 4.5.1), with the following
packages: compareGroups, nnet, stepAIC and ggplot2.

Characteristics of the study participants

A total of 1187 PWTB were enrolled in the RePORT-Brazil cohort. For this study, 401
individuals were removed from the analyses due to first line drug resistance, lack of Hb
levels or ATT outcome information, resulting in 786 TB cases for this study (details depicted
in Supplementary Figure 1 and Supplementary Table 2). Of those, 441 (56 %) had anemia.
Anemic patients were more frequently of non-white race (anemic: 83 %; non-anemic: 71.3
%, p < 0.001) and had higher frequency of HIV infection (anemic: 23 %; non-anemic:

7.2 %, p = 0.003) and of dysglycemia (anemic: 65.2 %; non-anemic: 54.7 %, p = 0.03).
Anemia was also associated with an increased proportion of tobacco use (anemic: 49.7 %;
non-anemic: 42.3 %, p = 0.048) compared to non-anemic patients (Supplementary Table 3).

Following stratification of the study participants according to anemia severity, we observed
that 333 (42 %) individuals had mild, 80 (10 %) had moderate, and 28 (4 %) had severe
anemia (Fig. 1a). Anemia severity was not significantly associated with consumption habits
(Fig. 1b). In contrast, increased anemia severity was associated with a lower body mass
index (BMI) (p < 0.001) (Fig. 1c) and a higher frequency of HIV infection (p < 0.001)

(Fig. 1d). Furthermore, such subgroups of anemic patients also more regularly presented
with TB-related symptoms, such as fever (p < 0.001), weight loss (p = 0.003) and fatigue (p
= 0.002). In addition, the frequency of cough decreased according to anemia severity (p =
0.015) (Fig. 1e, Table 1).

Determinants of TB treatment outcomes

During the follow-up period, 592 (75.3 %) patients had a favorable outcome (Cure: 360;
Treatment completed: 232) whereas 194 (24.7 %) experienced an unfavorable outcome
(Death: 41; Failure:27; Loss to follow-up (LTFU): 117; Recurrence: 9). The frequency of
unfavorable outcomes increased with severity of anemia (p < 0.001) (Fig. 2a). Such trend
was apparently driven by death, which substantially increased according to the severity of
anemia (p < 0.001) (Fig. 2b).

Patients with unfavorable outcomes were more frequently anemic (favorable: 51.9 %;
unfavorable: 69.1 %, p < 0.001), reported tobacco consumption (favorable: 44.3 %;
unfavorable: 53.1 %, p = 0.040), alcohol use (favorable: 79.1 %; unfavorable: 89.2 %, p
=0.002), and illicit drug use (favorable: 23.5 %; unfavorable: 35.2 %, p = 0.006) (Table 2).
Patients who developed unfavorable outcomes also had higher frequency of HIV infection
(favorable:12.9 %; unfavorable: 27.1 %, p < 0.001) (Table 2).

Next, we performed analyses to assess the association between occurrence of anemia (or
its different severity levels) and each type of unfavorable outcome individually (treatment
failure, death, LTFU and recurrence), using cure/complete treatment as the reference

J Infect Public Health. Author manuscript; available in PMC 2023 June 01.
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outcome. Due to the low number of participants in the severe anemia group, moderate

and severe anemia cases were combined in a single category. We also combined treatment
failure and recurrence in a single category. The multinomial logistic regression analysis
demonstrated that moderate/severe anemia (adjusted OR [aOR]: 6.88, 95 %Cl:1.184-40.1,
p = 0.032) was independently associated with death after controlling for other confounding
factors used in the final adjusted model, which included sex, age, BMI, HIV status and
glycemic levels (Fig. 3). Of note, among the patients who died, only 5 (12.2 %) were non-
anemic, and the overall median time to death was 104 days (IQR:38.0-360). In addition,
no associations between anemia and other types of unfavorable outcomes were observed,
arguing that the impact of anemia severity was more specifically focused on mortality.
Relevant details of the model including odds ratios for the confounding variables are
described in Supplementary Table 4.

Discussion

Our study of persons with pulmonary TB from a Brazilian multi-center prospective cohort
revealed a high prevalence of anemia. Indeed, this condition is frequently diagnosed in
PWTB, with reported frequencies between 32 % and 86 % [6]. In our study, 56 % of
patients were anemic and 14 % had moderate or severe anemia. Importantly, most of

the participants with moderate/severe anemia were living with HIV. Previous studies have
reported diminished Hb values in persons with TB-HIV co-infection compared to persons
living with HIV without TB [10] or to PWTB who were not HIV infected [11,16]. Of

note, the high frequency of people living with HIV among individuals with moderate/severe
anemia may also explain the negative association between the severity of anemia and cough,
a classic symptom of TB, given that an atypical clinical presentation of TB has already
been described in TB-HIV co-infected patients [17-19]. Therefore, the results of this study
confirm these prior findings.

Nevertheless, the findings described here, in a cohort which is representative of the Brazilian
population of TB patients [12], add to the body of evidence that moderate to severe anemia
is a robust risk factor for death in PWTB undergoing ATT. Noteworthy, this was independent
of the effect of other important and well-known risk factors for death such as BMI [20],

HIV infection [21,22] and pre-DM or DM [4]. These observations concur with a recent
report from South India demonstrating that severe anemia prior to ATT commencement

was associated with increased risk of death during the course of treatment [23]. In this

South Indian study, only 0.4 % (n = 5) of the study population were living with HIV. In
addition, a prospective case-control study which enrolled pulmonary TB patients admitted
to the emergency department of a referral TB hospital also found that severe anemia
composed a prediction score to infer early mortality, which was defined as death within

one week of hospital admission [24]. In a previous study of our group, we demonstrated

that increased neutrophil count prior to ATT initiation was associated with unfavorable
treatment outcomes [25]. Herein, neutrophil count and Hb levels had a negative correlation.
Altogether, the results strongly advocate that Hb values could be used as a predictor of
mortality. Identification of anemic TB patients prior to ATT and the consequent estimation
of prognosis may lead to optimized clinical management in an attempt to improve treatment
outcomes.

J Infect Public Health. Author manuscript; available in PMC 2023 June 01.
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In PWTB with moderate and severe anemia, we found an increased frequency of
disseminated TB and DM compared to those without anemia. The relationship between
anemia and severe clinical forms of TB has been described by Kerkhoff et al. [26]. The
authors demonstrated that the combination of anemia, low hepcidin levels and disseminated
TB disease led to poor prognosis in TB-HIV patients. Yet, such relationships in the absence
of HIV infection were not explored. In persons with DM and without TB, the frequency

of anemia was of 30 % in a distinct study [27]. In that scenario, anemia was shown to be

an independent indicator of increased risk for DM-related macrovascular and microvascular
complications. Even though both HIV co-infection and DM comorbidity have already been
described to influence the occurrence and severity of anemia in persons with TB, our results
argue that anemia directly links to increased mortality independent of these conditions.

The present study had some limitations. In this prospective cohort, measurements of

Hb were performed only at baseline, precluding an exploration of whether transient vs.
persistent anemia over the course of ATT could impact outcomes. The study design also
limited the ability to decipher whether anemia itself caused the poor prognosis, or whether
it was a hallmark of disease progression or an underlying process such as an inflammatory
disturbance. Moreover, it was not possible to determine whether anemia was caused by
nutritional factors, or medications that may have affected erythrocyte lifespan.

Conclusion

With the above limitations noted, our study established that moderate to severe anemia pre-
ATT directly predicted the risk of death in PWTB, independent of HIV status. Consequently,
new policy may be needed to implement a systematic assessment of Hb values in all
pulmonary TB patients prior to ATT initiation to estimate mortality risk. This simple test
could lead to early interventions that might decrease the risk of poor treatment outcomes,
including in limited-resource settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Increased in anemia severity is associated with poor consumption habits, higher frequency

of comorbidities, and of TB-related symptoms. (a) Among all the study participants (n =
786), 56 % had anemia: 42 % mild, 10 % moderate, and 4 % severe. (b) Frequency of
consumption habits in patients stratified according to anemia severity. (¢c) BMI according to
anemia severity. (d) Frequency of HIV according to anemia severity. (e) Frequency of TB
clinical symptoms following the anemia severity. Groups were compared using the Pearson’s
chi-square test or the Kruskall-Wallis test.
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Anemia severity was associated with increased occurrence of unfavorable outcomes.
(a) Frequency of unfavorable TB treatment outcomes according to anemia severity. (b)
Frequency of each type of TB unfavorable outcome according to anemia severity. Groups

were compared using the Pearson’s chi-square test.
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Fig. 3.

Moderate and severe anemia are associated with increased mortality in patients with

TB undergoing treatment. A multinomial logistic regression model (backward stepwise
regression) was designed to test independent associations between clinical characteristics
and the indicated TB treatment outcomes. Cure or treatment completed was considered as
reference outcome. The variables included in the adjusted model were anemia severity, sex,
age, BMI, HIV status and dysglycemia status.
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