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SUMMARY

SETTING—Tuberculosis (TB) infected adults attending out-patient TB clinics in Dar es Salaam,
Tanzania.

OBJECTIVE—To examine the association of anemia with human immunodeficiency virus (HIV)
co-infection, indicators of socio-economic status (SES) and anthropometric status in TB-infected
adults.

DESIGN—Cross-sectional data collection during screening for a clinical trial.

RESULTS—Ouverall, 750 females and 1693 males participated in this study, of whom
respectively 49% and 24% were co-infected with HIV-1. Hemoglobin levels were significantly
lower in females than in males and in HIV-positive than in HIV-negative participants. HIV co-
infection in this antiretroviral-naive population was also associated with severe anemia
(hemoglobin < 85 g/l) in both women (prevalence ratio [PR] = 2.07, 95%CI 1.65-2.59) and men
(PR 3.45, 95%CI 2.66-4.47). Although severe anemia was negatively associated with indicators of
SES, especially in males, adjustment for SES indicators only marginally changed its association
with HIV co-infection. In both sexes, anemia was inversely associated with anthropometric status,
independently of HIV infection and SES.

CONCLUSION—Among TB-infected adults, anemia is strongly associated with HIV co-
infection and anthropometric status, independently of SES indicators. As anemia is a risk factor
for morbidity and mortality in both infections, the management of anemia in TB-HIV co-infected
patients warrants special attention.
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TUBERCULOSIS (TB) and human immunodeficiency virus (HIV) infection are major
causes of morbidity and mortality worldwide, and both infections are also highly prevalent
in sub-Saharan Africa. HIV infection increases the risk of developing clinical TB and
accelerates TB disease progression, thus making TB one of the most common and the single
most important opportunistic infection that accompanies HIV disease.1:2 Globally it is
estimated that 9.4 million new cases and 1.7 million deaths from TB occurred in 2009, of
which 1.1 million new cases and 0.4 million deaths were in HIV-positive people.3

Anemia is also a worldwide problem whose prevalence is highest in sub-Saharan Africa.*
Anemia is a frequent complication of both TB and HIV infection, and in both infections it is
associated with increased morbidity and mortality.>” However, relatively little is known
regarding anemia in TB-HIV co-infection. Past studies have found that hemoglobin (Hb)
levels among TB-HIV co-infected individuals were considerably lower than among subjects
with only one of the two infections.8-13 However, most of these studies had relatively low
participant numbers and in none of them was the association of TB-HIV co-infection with
anemia adjusted for possible socio-economic confounding. It therefore remains unclear
whether this association is independent or a result of differences in socio-economic status
(SES).

We report the results of a cross-sectional study in which we examine associations between
anemia and 1) TB-HIV co-infection, 2) indicators of SES (education, income and social
setting), and 3) indicators of anthropometric status and TB disease severity, in a population
of 2443 TB-infected adults of both sexes.

Our expectation was that anemia would be positively associated with HIV co-infection and
TB disease severity, and negatively associated with SES indicators and anthropometric
status.

STUDY POPULATION AND METHODS

Data collection

We conducted a cross-sectional study among TB-infected adults who attended five out-
patient TB clinics in Dar es Salaam, Tanzania, and who were evaluated for inclusion in a
clinical trial. 14

Between March 2000 and May 2005, sputum smears were obtained at the five out-patient
clinics and sent to the Muhimbili National Hospital’s laboratory for microscopic analysis of
acid-fast bacilli (AFB). Among the 7213 patients who tested positive (Figure), we evaluated
the following eligibility criteria: age between 18 and 65 years, residence within the clinic
area where the DOTS strategy was to be administered, plan to stay in the study area for 2
years, not being pregnant, not having received anti-tuberculosis treatment during the
previous year and Karnofsky performance score > 40%.1°

Among the 3623 subjects who fulfilled these criteria, we obtained two additional early
morning sputum samples to confirm the smear results using Ziehl-Neelsen staining of
smears, and sought informed consent for HIV testing. Smear-positive TB was confirmed in
3188 individuals, 2463 of whom consented to pre-test counseling and HIV testing. HIV-1
sero-status was assessed using two sequential enzyme-linked immunosorbent assay tests
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(Wellcozyme, Murex Biotech, Marburg, Germany, and Enzygnost anti-HIV1+2, Behring,
Milton Keynes, UK) in an alternative confirmatory testing strategy.16 Discrepant results
were resolved by Western blot (Genetic Systems, Redmond, WA, USA), which was
interpreted according to World Health Organization (WHO) criteria.1” Hb levels were
determined by Coulter counter (Coulter Inc, Brea, CA, USA). Of the participants, 2443 also
had a valid Hb assessment and were included in our analyses.

Trained research nurses collected information on demographic and socio-economic
characteristics and obtained anthropometric measurements using calibrated instruments and
standardized techniques. Height was measured to the nearest 0.1 cm using Seca Bodymeter
206 stadiometers (Seca, Birmingham, UK), weight to the nearest 100 g using Seca 700
balance beam scales, left mid-upper arm circumference (MUAC) at the midpoint between
the acromion and olecranon to the nearest 0.1 cm using non-stretchable tailor’s tapes, and
left triceps skin-fold (TSF) thickness with Holtain calipers. Arm muscle circumference
(AMC) was calculated as MUAC - (1t x TSF),1 and body mass index (BMI) as kg/m?.

All measurements in this cross-sectional study were obtained immediately prior to the
beginning of anti-tuberculosis therapy. None of the HIV-infected subjects were receiving
antiretroviral medications, as the anthropometric evaluation coincided with the time of HIV
diagnosis. Each participant provided informed consent prior to enrolment. TB and, if
present, HIV infection were treated following the Ministry of Health and Social Welfare
regulations prevailing at that time in the absence of antiretroviral treatment.

Data analysis and ethical considerations

All data analyses were performed separately for females and males because of the strong
differences between sexes, both in our outcome variables (Hb level/prevalence of severe
anemia) and in our most important covariate, HIV infection. The main predictor of interest
was HIV status. The main outcomes were Hb level and prevalence of severe anemia (Hb <
85 g/l for both sexes). This threshold was chosen according to the national cut-off point for
referral to the district level in Tanzania.1® Prevalence of anemia (Hb < 120 g/I for females
and < 130 g/I for males)2? was also considered as a possible outcome variable. However,
because more than 90% of participants were anemic, severe anemia was better suited to
analyze associations with other factors.

Demographic and SES indicators were age, education level, literacy, employment status,
cohabiting with a partner, frequency of meat purchase in the household, money spent on
food per person in the household, number of people eating in the household and the number
of household assets owned,2! including the following items: sofa, television, radio,
refrigerator and fan. We included these variables in the analysis of anthropometric indicators
for females and/or males, either because we regard them as important possible confounders
(e.g., age) or because they were associated (P < 0.2) with severe anemia or Hb level in the
SES analysis for the respective sex.

Indicators of the severity of TB were the Karnofsky performance score and the number of
Mycobacterium tuberculosis bacilli per sputum smear field (bacillary density according to
the WHO classification?2). For each participant, we chose the maximum density from all
available baseline smears that had been collected prior to the initiation of anti-tuberculosis
treatment.

Differences in Hb level between sexes and HIV-infected and non-infected participants were
assessed using linear regression models with robust variance estimates.?3

The prevalence of severe anemia was compared:
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1. in HIV-infected and non-infected males and females, crude and adjusted for
selected SES indicators;

2. according to SES indicators and adjusted for HIV infection; and

3. by categories of indicators of anthropometric status and of TB severity, adjusted for
HIV infection and SES indicators.

We used Poisson regression with robust variance estimates to obtain prevalence ratios (PRs)
and 95% confidence intervals (95%CIs) for binary outcomes.2* All Pare from two-sided
tests, and differences were considered statistically significant at £< 0.05. All analyses were
performed using Stata version 9.2 (Stata Corp, College Station, TX, USA).

The study protocol was approved by the Research and Publications Committee at Muhimbili
University College of Health Sciences, and the Institutional Review Board of the Harvard
School of Public Health. All participants provided written informed consent prior to
participation.

Of the 2443 TB-positive study participants, 31% were women and 69% were men (Table 1).
The prevalence of HIV infection was higher in women (49%) than in men (24%). The mean
age was 29.8 years (standard deviation [SD] 8.4) for women and 32.2 years (SD 9.6) for
men. Hb levels were significantly lower in females and in HIV co-infected participants.
Accordingly, the prevalence of severe anemia was significantly higher in these groups, with
TB-HIV co-infected women having the highest prevalence of severe anemia (43.4%).
Differences in severe anemia and Hb for TB-HIV co-infected vs. TB-only infected
participants changed only marginally when adjusting for SES indicators. Because of the
strong differences between sexes regarding the prevalence of severe anemia and of HIV
infection, all further analyses were performed separately for females and for males.

Associations of severe anemia and Hb levels with SES indicators mostly showed the
expected direction, with higher Hb and lower prevalence of severe anemia in socio-
economically less disadvantaged participants (Table 2). In males, all SES indicators, with
the exception of employment status, were significantly associated with Hb levels, whereas
some of the associations of SES indicators with severe anemia did not reach statistical
significance. For females, the relation of Hb and severe anemia with SES indicators was less
clear-cut; only the amount of money spent on food had a significant association with both of
these outcomes (P for trend < 0.01 for both outcomes).

In males, there was also a clear trend regarding the association of age with anemia, with
older participants having higher prevalences of severe anemia and lower Hb levels than
younger participants (2 for trend < 0.02 for both outcomes). In females, however, a clear age
trend was not discernable.

Hb was positively associated with nearly all measured anthropometric indicators in both
sexes (Table 3). The only exception was height, which had a weaker but still positive
association with Hb in males; it, however, showed an opposite trend towards lower Hb
levels and higher prevalences of severe anemia in taller female study participants.

As it is known that HIV co-infected individuals have on average lower AFB counts than TB-
only infected subjects,2® the association of severe anemia and Hb levels with AFB density
was assessed separately for HIV-negative and -positive participants. AFB density was
adversely associated with Hb levels in HIV-negative participants of both sexes and in HIV-
infected females; however, only the association in HIV-negative males was significant (2 for
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trend = 0.003). Severe anemia prevalence had a positive association with AFB density in
HIV-negative males and in HIV-positive participants of both sexes, which again was only
significant in HIV-negative males (P for trend = 0.014). Contrary to this, the prevalence of
severe anemia decreased (non-significantly) in HIVV-negative females with higher AFB
counts, and Hb levels in HIV-infected males showed no association with AFB density.

Severe disability as indicated by a Karnofsky score of <70% was significantly associated
with lower Hb levels and a higher prevalence of severe anemia in both sexes (females PR =
1.75, P<0.001; males PR = 1.39, A= 0.038).

DISCUSSION

Our data show that HIV co-infection in TB patients from Dar es Salaam is strongly and
significantly associated with Hb levels and with severe anemia: co-infected participants of
both sexes had around 10 g/l lower mean Hb values than HIV-negative participants, and the
prevalence of severe anemia was doubled in HIV co-infected females and more than tripled
in co-infected males.

Like most chronic infections, both HIV and TB can cause anemia. In both infections,
decreased production of red blood cells seems to play an important role as a cause of
anemia. Malabsorption syndrome and nutritional deficiencies, which are relatively common
in our study population, may aggravate these problems.26:27

We identified more TB-infected males than females, and HIV co-infection was more
prevalent in women than in men. In principal, both findings are in agreement with those
from a study in South African hospital patients with TB infection® and an earlier report by
Range et al. from Tanzania.28 Both studies identified fewer female than male TB-infected
participants and found higher HIV prevalence in females, although discrepancies between
sexes in our study are larger than those found by Range et al.28 Reasons for the larger
difference in HIV prevalence found between sexes are hard to ascertain; however, at least
some of this difference could have been caused by different health-seeking behaviors among
females and males, and by the different applicability of our various exclusion criteria to the
two sexes, factors that might also have influenced the results of the above cited studies.

The Hb levels found in our study population are far below mean values for healthy
participants from Dar es Salaam reported in the early 1970s (respectively 126 and 140 g/l for
females and males29) and those reported in a recent study carried out in Mbeya, Tanzania
(respectively 136 and 155 g/l for females and males3%). Although in a severely ill population
this is to be expected, the size of these differences, and the fact that anemia is a strong
predictor of mortality both in TB8:31 and in HIV-infected subjects,>28 warrants special
attention to this problem in TB-HIV co-infected subjects.

As with severe anemia, HIV co-infected women were also most likely to be anemic (97%);
however, the prevalence of anemia was high (>85%) in all four substrata (HIV-infected/non-
infected, males/females), and mean Hb levels were correspondingly low (Table 4). A
comparison of our numbers with those from two other East African sites shows that the Hb
levels found in Dar es Salaam were more than 10% lower in each of the four substrata than
those found in Kampala, Uganda,® but that they were comparable to those from Zomba,
Malawi.11 However, the prevalence of anemia in our study population was much higher than
in both other sites, although the same threshold values were used.

In addition to HIV co-infection, various SES indicators were also negatively associated with
Hb and positively with severe anemia, with stronger associations in males. The lack of
significant associations for most of these indicators in females can partly be explained by the
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lower number of female participants. However, most associations of severe anemia and SES
indicators in females also had less extreme PRs (i.e., PRs closer to unity) than in males,
which hints at a real difference between sexes.

Nearly all anthropometric indicators were strongly and significantly associated with Hb and
severe anemia in both sexes, independently of SES indicators and HIV co-infection. These
associations are likely to reflect the effect of overall malnutrition, which includes iron
deficiency and other micronutrient deficiencies that contribute to the etiology of anemia. In
a previous study in the same population, we found that HIV co-infection is also
independently associated with anthropometric indicators.32 For most of these indicators one
could thus hypothesize a bi-directional relationship with Hb level, TB and HIV infection
respectively, meaning that impaired health (as indicated by lower Hb levels or caused by
HIV infection and/or active TB) would be both cause and consequence of declining
anthropometric indicators.33

A major strength of the study is the relatively large sample size and the availability of data
on SES indicators, which enables us to adjust the associations of anemia and Hb with HIV
co-infection and anthropometric status for possible confounders. However, the study also
has some limitations.

First, the cross-sectional design prevents us from establishing the temporal sequence of HIV
infection, development of anemia and of clinical TB and the causal relationship between
these three factors, SES and anthropometric status. However, it is clear that both HIV and
TB infection predispose to further infection by compromising the immune system, and also
have a direct impact on nutritional status and Hb levels.34-36 It is also known that low SES,
nutritional deficiencies and low Hb are risk factors for HIV and TB infection. We would
therefore hypothesize that most of these factors have bi- or multidirectional relationships
with each other, thus forming a vicious cycle: low SES leads to nutritional deficiencies
which have a negative impact on anthropometric outcomes and Hb levels and also on socio-
economic activities. All this predisposes to infection with various agents, including HIV and
M. tuberculosis.

Second, establishing a TB diagnosis by positive smears is likely to have excluded some
HIV-co-infected subjects, who often present with lower AFB densities.2> The exclusion of
subjects with TB treatment during the previous year might also have resulted in an under-
representation of HIV-infected patients, who are likely to present with TB relapses. It is
therefore possible that our study even underestimates the true association of TB-HIV co-
infection with anemia.

Third, our study did not collect information on malaria, schistosomiasis and other possible
causes of anemia. These unassessed factors could therefore have confounded some of our
findings. Similarly, we are lacking information regarding the predominant type(s) of anemia
in our study population which might have provided useful insights regarding the underlying
causes for anemia.

CONCLUSION

Our data show that in our TB-infected study population, anemia is significantly associated
with HIV co-infection and with anthropometric status independent of SES. Other studies
have shown that anemia is also an important risk factor for disease progression and mortality
both in HIV and in TB infection. Combined, and if confirmed in other settings, these
findings would imply that the management of anemia in TB-HIV co-infected patients
requires special attention.
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Number of participants included in and excluded from data analysis for this study. TB =
tuberculosis; HIV = human immunodeficiency virus; Hb = hemoglobin.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2013 September 09.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Saathoff et al.

Table 1

Mean Hb level and prevalence of severe anemia (Hb < 85 g/l) stratified by sex and HIV infection status

Females Males
HIV+ HIV- HIV+ HIV-
n 369 381 406 1287
Hb, g/l 86.9 96.7 99.4 110.6

Hb difference (95%CI)

Adjusted Hb difference (95%CI) *
Prevalence of severe anemia, %

PR (95%Cl)

Adjusted PR (95%ClI)

-9.8(-12.1--7.4)
-9.9 (-12.3- -7.6)
434 21.0
2.07 (1.65-2.59)
2.09 (1.66-2.64)

-11.2 (-13.4--9.1)
-115 (-13.7- -9.4)
246 71
3.45 (2.66-4.47)
3.34 (2.54-4.40)

Hb = hemoglobin; HIV = human immunodeficiency virus; + = positive; — = negative; Cl = confidence interval; PR = prevalence ratio.

Page 10

*
Adjusted for age, education, frequency of meat purchase, money spent on food and number of household assets for both sexes and for literacy,
employment status, living with a partner and number of people eating at home for males only.
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Table 4

Hb levels and prevalence of anemia (Hb < 120 g/l for females and < 130 g/l for males) in adults with active
tuberculosis infection from three East African sites

Females Males

HIV+ HIV-  HIV+ HIV-

Dar es Salaam, Tanzania
Mean Hb, g/l 87 97 99 111
Anemia prevalence, %  97.0 92.9 92.9 85.7
Kampala, Uganda®
Mean Hb, g/l 98 110 113 122
Anemia prevalence, %  85.5 67.9 62.6 42.6
Zomba, Malawill
Mean Hb, g/l 92 99 96 111
Anemia prevalence, %  86.0 85.3 91.0 67.3

Hb = hemoglobin; HIV = human immunodeficiency virus; + = positive; — = negative.
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