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a b s t r a c t

Anemia is a global public health problem. It has serious short- and long-term consequences during pregnancy

and beyond. The anemic condition is often worsened by the presence of other chronic diseases such as malaria,

tuberculosis, HIV, and diabetes. Untreated anemia also leads to increased morbidity and mortality from these

chronic conditions as well. It is surprising that despite these chronic conditions (such as malaria, tuberculosis, and

HIV) often being preventable, they still pose a real threat to public health. This article aims to review the current

understanding of the pathophysiology, risks, prevention, and treatment of anemia in the light of these chronic

conditions.

© 2011 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The worldwide pandemic of anemia in pregnancy is not unlike

those of tuberculosis or HIV infection in that the specter of the

problem looms so large on the care-givers’ horizon that often it

is hard to see. At the same time, the effect of the condition is so

insidious that the individual patient may not feel it until the disease

has progressed to a most serious state. Anemia can occur at any age

and affect either gender, although it is more prevalent in pregnant

women and young children [1]. It not only leads to poor outcomes

in pregnancy and reduced work productivity among adults, but also

contributes to 20% of deaths among pregnant women. In children,

it results in increased risk of morbidity as well as impaired physical

and cognitive development [2].

The data regarding the prevalence of anemia are shocking,

especially in low-resource regions. The World Health Organization

(WHO) estimates that two billion people—over 30% of the world’s

population—are anemic, although prevalence rates are variable

because of differences in socioeconomic conditions, lifestyles,

food habits, and rates of communicable and noncommunicable

diseases [2]. Nearly half of all pregnant women suffer from anemia:

52% in low-resource countries and 23% in high-resource regions [3].

In the former, every second pregnant woman and about 40% of

preschool children are anemic [2].

Iron deficiency is the most prevalent cause of anemia [4], but

only rarely does iron deficiency exist by itself. Individuals who are

deficient in iron are also deficient in other important micronutri-

ents, although this important correlation is often overlooked by the

medical profession and almost always unthought-of by the public

at large.
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In low-resource nations, iron deficiency is exacerbated by chronic

infection with hookworm, schistosomiasis, tuberculosis, HIV, and

malaria [2]. Of these, HIV, tuberculosis, and malaria (especially

Plasmodium falciparum infection) represent leading contributory

factors for anemia [5]. In contrast, in high-resource countries, the

important contributory factors for anemia are chronic noncom-

municable diseases such as inflammatory bowel disease (Crohn’s/

ulcerative colitis), malignancies (lymphoma, lung or breast carci-

noma, aplastic anemia), and malnutrition (anorexia and obesity).

In either case, chronic conditions worsen anemia, while anemia

negatively affects the progress of such longstanding conditions. The

vicious cycle that exists between the chronic condition and anemia

is the subject of this article.

2. Etiology and pathophysiology of anemia related to

nutritional deficiency

2.1. Nutritional iron deficiency and the role of other micronutrients

Iron deficiency anemia (IDA) is the most common cause of nutri-

tional anemia. It is the only nutrient deficiency that is significantly

prevalent in low-resource countries [2]. In some instances, poor

absorption of iron is aggravated by dietary contents. For example,

diets rich in phytates and phenolic compounds prevent absorption

of iron, thereby contributing to the anemic condition [6–9]. This

phenomenon may at least partially explain the prevalence of

anemia in parts of the world with dietary predilections to foods

containing large quantities of these compounds.

Nutritional iron deficiency rarely occurs by itself; rather, it occurs

in the presence of other nutritional deficiencies, although this fact

is frequently overlooked. For example, deficiency of micronutrients

such as folic acid, vitamins A, B12, riboflavin, and copper increase

the risk of anemia because these micronutrients play important

roles in hemopoiesis [9]. Unfortunately, most such deficiencies

escape detection because they are not thought about. Even if they

are, practical tests are either unavailable in most parts of the world

or are prohibitively expensive [3].
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2.2. Subclinical iron deficiency

Figure 1 shows that iron stores are depleted over time; clinical

features of anemia appear when stores are exhausted. As such,

severe IDA represents the proverbial tip of the iceberg, related to but

removed from cases of subclinical iron deficiency [10]. Identifying

individuals within the larger community of those with subclinical

disease and taking appropriate measures to prevent progression

to IDA is the challenge confronting physicians, although several

biochemical indicators (estimation of serum ferritin, transferrin

saturation, transferrin receptor, and erythrocyte protoporphyrin)

are helpful when available [8]. Nutritional deficiencies are not

gender specific, and the husband and children of the anemic mother

are likely to be in a similar nutritional state [11].

Fig. 1. Gradual depletion of body iron store and development of iron deficiency

anemia (IDA).

3. Chronic infections and disorders as causes of anemia

3.1. Role of hepcidin

The exact mechanism by which anemia is caused in chronic

inflammatory conditions is unknown. A common factor may be

the contribution of hepcidin, a polypeptide hormone. Chronic

inflammatory conditions lead to release of cytokines from the

reticuloendothelial system as a part of cell-mediated immunity.

In response to these cytokines, mainly interleukin 6 (IL-6) [12,13],

the liver produces increased amounts of hepcidin, which in turn

prevents release of iron from its stores. The process is mediated

by blocking iron channels (such as ferroportin). Inflammatory

cytokines also appear to influence other important aspects of iron

metabolism, such as decreasing ferroportin expression, and possibly

directly suppressing erythropoiesis by decreasing the ability of the

bone marrow to respond to erythropoietin [14].

The chronic conditions causing anemia are summarized in

Table 1.

Table 1

Chronic conditions/diseases associated with anemia

Infections Malaria, HIV, tuberculosis, osteomyelitis, bacterial

endocarditis, pulmonary abscess

Parasitic infestations Hookworm, ascaris, schistosomiasis

Chronic noninfectious

diseases

Diabetes, rheumatoid arthritis, Systemic Lupus

Erythematosus, Crohn’s disease, ulcerative colitis,

chronic liver disease, cirrhosis, hemoglobinopathies

Malignancy Carcinoma, sarcoma, lymphoma, myeloma

3.2. Malaria

Malaria is discussed separately by Christensen and colleagues in

this Supplement [15].

3.3. HIV

Anemia is the most frequent hematologic abnormality associated

with HIV infection [16]. It occurs in approximately 30% of patients

with asymptomatic infection and in as many as 75% to 80% of those

with AIDS [17]. In pregnancy, HIV infection is associated with lower

levels of serum folate and serum ferritin [18].

HIV infection can cause anemia (Fig. 2) through the changes in
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Fig. 2. Causes of anemia in HIV.

cytokine production, altered erythropoietin (EPO) response to bone

marrow, use of antiretroviral drugs (especially zidovudine) [16],

and interaction with other coexisting chronic infections such as

tuberculosis [19,20].

3.4. Tuberculosis

Anemia is a common complication of pulmonary tuberculosis

with a prevalence that ranges from 16% to 76% [21]. No studies

have shown that pregnant women are specifically prone to

develop tuberculosis, and the risk factors are similar to those of

nonpregnant women [22]. Although the exact cause of anemia in

tuberculosis is not known, it is thought to be due to cytokine

mediated response of chronic infection (described above) [21],

blood loss (as in hemoptysis in pulmonary tuberculosis), and

bone marrow involvement [23] with tubercular granulomata

in disseminated tuberculosis (Fig. 3). Nutritional deficiency is
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bone marrow

Hepcidin
mediated
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Anemia in
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Fig. 3. Causes of anemia in tuberculosis.
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common, as is loss of appetite, fever, or malabsorption (as in

intestinal tuberculosis) [21].

3.5. Co-infection of HIV and tuberculosis

Tuberculosis infection is commonly present in patients with HIV

owing to immune suppression. Patients with HIV are 37 times more

likely to develop tuberculosis compared with the HIV-negative

population; patients living with HIV represent over 10% of annual

tuberculosis cases [24]. HIV and tuberculosis may coexist and

aggravate anemia, thereby increasing pregnancy complications and

maternal and infantile morbidity and mortality [25].

3.6. Diabetes

Anemia occurs in diabetes (Fig. 4) when the kidney is affected

in the disease process. It can appear in the early stage of renal

disease as a key indicator of early impairment of kidney function.

Approximately one-third of people with diabetes develop kidney

damage, and a significant proportion of this group progresses to

end-stage renal disease [26]. Diabetes is somewhat unique because

of its importance in both low- and high-resource regions of the

world [27], where it has clearly been linked to the explosive

epidemic of obesity witnessed in the past two decades.

The pathophysiologic mechanism of anemia in diabetes is

thought to be mediated through a combination of dietary iron
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Fig. 4. Causes of anemia in diabetes.

deficiency, functional iron deficiency due to IL-6 and hepcidin

activities, erythropoietin deficiency/hyporesponsiveness, and the

action of ACE inhibitor and angiotensin receptor antagonists [28].

4. Risks to pregnant women and children: Short term

The short-term risks to women are summarized in Table 2. The

exact pathophysiologic mechanisms for these complications are

unknown. However, the propensity to infections is thought to be

caused by altered cellular immunity due to iron deficiency [29,30].

Postpartum hemorrhage may be due to uterine atony as a result

of impairment of uterine muscle contraction capabilities [31,32].

Cardiac failure/angina may result from increased cardiac output

secondary to a hyperdynamic circulation to meet increased

demands of hypoxia at the tissue level [33,34]. Children are affected

by the increased perinatal morbidity and mortality that result from

complications of preterm labor and prematurity [35,36].

Table 2

Short-term risks of anemia

Mother

Antepartum Prone to infections, preterm labor, left ventricular failure

Intrapartum Heart failure, postpartum hemorrhage, shock

Postpartum Heart failure, puerperal sepsis, uterine sub-involution, increased

cesarean delivery morbidity

Fetus/child Increased stillbirth and morbidity and mortality due to

intrauterine growth restriction, prematurity, sepsis

5. Risks to pregnant women and children: Long term

The long-term risks of anemia (Table 3) are considerable and are

described as follows.

5.1. Maternal

Anemia leads to debilitating physical (tiredness, lethargy, reduced

exercise tolerance, dyspnea, dizziness, anginal pain, and palpitation)

and mental (impaired cognitive function) symptoms, both of which

negatively affect quality of life [3].

In terms of the effect of anemia on HIV, some studies [37,38]

strongly suggest that adverse pregnancy events (such as low

birth weight, stillbirth, preterm birth, and intrauterine growth

restriction) are worsened in the presence of anemia. Moreover,

mother-to-child transmission (MTCT) of HIV may be increased [38].

HIV infection in pregnancy also increases anemia-related maternal

deaths [39]. Anemic condition, in turn, can result in HIV disease

progression [40,41].

Table 3

Long-term risks of anemia

Impaired quality of life

Effects on chronic infections Malaria: possible increased morbidity

and mortality

HIV: accelerated disease progression

and mortality, increased

mother-to-child transmission

Tuberculosis: increased morbidity

Effects on chronic disease Diabetes: increased mortality, heart

failure, worsening nephropathy,

neuropathy, foot ulcer

Economic impact

Effects on children born to anemic women Cognitive impairment, poor growth

and development, possible adult

hypertension

There is limited evidence to suggest that presence of anemia

accelerates tuberculosis progression or worsens its prognosis

(maternal or fetal). Despite this, it is easy to presume that anemia

and other nutritional deficiencies increase maternal morbidity

because of their effects on the immune system.

Morbidity and mortality in diabetes are aggravated by anemia

in the following manner [28]. Renal disease progresses as a

result of tissue hypoxia and reduced renal blood supply; the

same may be said for peripheral neuropathies, ocular retinopathy,

and foot ulcers [42]. In diabetes with renal disease, anemia is

considered to be an independent and modifiable risk factor for

worsening hypertension, left ventricular hypertrophy, heart failure,

and cardiovascular mortality [43,44].

5.2. Neonates and children

Neonates of anemic mothers are born with suboptimal iron

stores and are at high risk of developing IDA [45]. Good



S14 R. Gangopadhyay et al. / International Journal of Gynecology and Obstetrics 115S1 (2011) S11–S15

evidence suggests that iron deficiency causes poor cognitive,

motor, neurophysiological, and socio-emotional development of

children [46]. Studies in animals have shown the importance of

iron in the function of neurotransmitters and overall function of

the brain [47].

6. Assessment of anemia: New technology and new possibility

It is well accepted that early detection and effective management of

anemia in pregnancy can substantially reduce maternal mortality

and improve perinatal outcomes. According to the recommenda-

tions of the leading obstetric and gynecology societies, all pregnant

women should be offered screening for anemia. However, this

is easier said than done, primarily because of the technology

involved and its cost. Many of the classic methods to assess iron

or serum ferritin levels involved venipuncture and subsequent

laboratory analysis; recently, new noninvasive technologies have

been introduced and allow massive screening opportunities

in low-resource countries [48–50]. Occlusion red/near-infrared

spectroscopy technology is a general platform for noninvasive

detection of blood analytes. At the core of this technology

is the generation of a new biophysical signal, resulting from

temporarily occluding the blood flow to the measurement site.

The measurement is performed by using an annular, multi-

wavelength probe with pneumatically operated cuffs, with which

an over-systolic pressure is produced at the finger base. This new

biophysical signal creates the sensitivity and specificity required

for measuring hemoglobin. It is also capable of measuring oxygen

saturation even in cases of weak peripheral pulsation, when

standard pulse oximeters fail. These noninvasive readings for

hemoglobin and hematocrit are accurate and measure with an

acceptable relative absolute difference (RAD) when compared with

accepted measurement systems (complete blood count).

7. Prevention and treatment of anemia in the presence of

chronic maternal infections: Controversies

Although iron supplementation is the only specific treatment for

iron deficiency, uncertainties exist regarding iron supplementation

in chronic infections such as malaria, HIV, and tuberculosis, because

iron deficiency in such cases is often “functional,” i.e. relative iron

deficiency in blood as a result of excess storage of iron as ferritin,

as mentioned above.

There are also some concerns on routine iron supplementation

in endemic areas [51,52], because functional iron deficiency is

thought to be protective against disease progression. Moreover, iron

is thought to have a pro-oxidant role, which may enhance disease

progression [53]. However, robust evidence is lacking in support of

these hypotheses [54].

The current literature reveals the following in terms of the use of

micronutrient supplementation in chronic infections.

7.1. HIV

A Cochrane review [55] concluded that there is a lack of evidence

to suggest the best intervention to treat anemia in HIV. However,

they found some evidence of benefit using human recombinant

erythropoietin in treatment of anemia in such cases. Awaiting

further evidence, WHO has recommended daily iron and folic

acid supplementation (400mg of folate and 60mg of iron) in HIV

prevalent areas [54]; treatment of anemia requires twice this dose

on a daily basis. WHO also recommends routine micronutrient

intakes at the RDA level for HIV infected women during

pregnancy and lactation. In resource-poor countries, where dietary

inadequacy persists, supplementing with multivitamin preparations

(B-complex vitamins, Vitamins C and E, and selenium) is preferable.

Highly active antiretroviral therapy (HAART) treatment avoiding

zidovudine and treatment of associated tuberculosis (if present)

are extremely important both to prevent and treat anemia in such

cases.

7.2. Tuberculosis

Recent evidence supports treatment with iron supplements in

mothers with tuberculosis [21]. In mild to moderate anemia,

iron supplementation accelerates the normal resumption of

hematopoiesis and increases iron saturation of transferrin. How-

ever, persistent improvement of anemia needs general control of

tuberculosis by reducing inflammatory cytokine mediated response,

improving appetite, reducing hemoptysis episodes, and intestinal

absorption of iron (intestinal tuberculosis) [21,56].

8. Conclusions

Despite a better understanding of the etiology and pathogenesis of

anemia, it still remains a public health challenge throughout the

world. Anemia is often worsened by chronic communicable and

noncommunicable diseases, the most important being malaria, HIV,

tuberculosis, and diabetes. When anemia occurs in pregnancy it not

only results in poor pregnancy outcome in the short term but, in the

long term, it also leads to worsening of these chronic conditions,

reduced work capacity, and an impaired cognitive development

of the child. A joint social and political approach is necessary to

control anemia in pregnancy, as it represents a life-threatening

but preventable cause of maternal and childhood morbidity and

mortality.

Conflict of interest statement

None of the authors has a financial disclosure or a conflict of

interest.

References

1. WHO, Centers for Disease Control and Prevention Atlanta. Worldwide prevalence

of anaemia 1993–2005. www.who.int. http://whqlibdoc.who.int/publications/

2008/9789241596657_eng.pdf. Published 2008.

2. WHO. Micronutrient deficiencies. Iron deficiency anaemia. www.who.int.

www.who.int/nutrition/topics/ida/en/index.html. Published 2011. Accessed 2011.

3. United Nations Children’s Fund, United Nations University, WHO. Iron

deficiency anaemia: assessment, prevention, and control. A guide for

programme managers. www.who.int. http://whqlibdoc.who.int/hq/2001/WHO_

NHD_01.3.pdf. Published 2001.

4. Johnson-Wimbley TD, Graham DY. Diagnosis and management of iron deficiency

anemia in the 21st century. Ther Adv Gastroenterol 2011;4(3):177–84.

5. Abrams ET, Kwiek JJ, Mwapasa V, Kamwendo DD, Tadesse E, Lema VM, et al.

Malaria during pregnancy and foetal haematological status in Blantyre, Malawi.

Malar J 2005;4:39.

6. Hurrell R, Egli I. Iron bioavailability and dietary reference values. Am J Clin Nutr

2010;91(5):1461S–1467S.

7. Zijp IM, Korver O, Tijburg LB. Effect of tea and other dietary factors on iron

absorption. Crit Rev Food Sci Nutr 2000;40(5):371–98.

8. Prynne CJ, McCarron A, Wadsworth ME, Stephen AM. Dietary fibre and phytate—

a balancing act: results from three time points in a British birth cohort. Br J Nutr

2010;103(2):274–80.

9. WHO, United Nations Children’s Fund. Focusing on anaemia. Towards an

integrated approach for effective anaemia control. www.who.int. http://

whqlibdoc.who.int/hq/2004/anaemiastatement.pdf. Published 2004.

10. Yip R. Iron Nutritional Status Defined. In: Filer IJ, ed. Dietary Iron: Birth to Two

Years. New York, USA: Raven Press; 1989:19–36.

11. WHO, Centers for Disease Control and Prevention. Assessing the iron sta-

tus of populations. www.who.int. http://www.who.int/nutrition/publications/

micronutrients/anaemia_iron_deficiency/9789241596107.pdf. Published 2007.

12. Andrews NC. Anemia of inflammation: the cytokine-hepcidin link. J Clin Invest

2004;113(9):1251–3.

13. Nemeth E, Rivera S, Gabayan V, Keller C, Taudorf S, Pedersen BK, et al. IL-6

mediates hypoferremia of inflammation by inducing the synthesis of the iron

regulatory hormone hepcidin. J Clin Invest 2004;113(9):1271–6.

14. Haurani FI. Hepcidin and the anemia of chronic disease. Ann Clin Lab Sci 2006;

36(1):3–6.



R. Gangopadhyay et al. / International Journal of Gynecology and Obstetrics 115S1 (2011) S11–S15 S15

15. Christensen DL, Kapur A, Bygbjerg IC. Physiological adaption to maternal malaria

and other adverse exposure: Low birth weight, functional capacity, and possible

metabolic disease in adult life. Int J Gynecol Obstet 2011;115(Suppl 1):S16–9.

16. Sullivan PS, Hanson DL, Chu SY, Jones JL, Ward JW. Epidemiology of anemia

in human immunodeficiency virus (HIV)-infected persons: results from the

multistate adult and adolescent spectrum of HIV disease surveillance project.

Blood 1998;91(1):301–8.

17. Levine AM, Berhane K, Masri-Lavine L, Sanchez M, Young M, Augenbraun M,

et al. Prevalence and correlates of anemia in a large cohort of HIV-infected

women: Women’s Interagency HIV Study. J Acquir Immune Defic Syndr 2001;

26(1):28–35.

18. Friis H, Gomo E, Koestel P, Ndhlovu P, Nyazema N, Krarup H, et al. HIV and

other predictors of serum folate, serum ferritin, and hemoglobin in pregnancy:

a cross-sectional study in Zimbabwe. Am J Clin Nutr 2001;73(6):1066–73.

19. Horsburgh CR Jr. Mycobacterium avium complex infection in the acquired

immunodeficiency syndrome. N Engl J Med 1991;324(19):1332–8.

20. van den Broek NR, Letsky EA. Etiology of anemia in pregnancy in south Malawi.

Am J Clin Nutr 2000;72(1 Suppl):247S–256S.

21. Das BS, Devi U, Mohan Rao C, Srivastava VK, Rath PK, Das BS. Effect of iron

supplementation on mild to moderate anaemia in pulmonary tuberculosis. Br J

Nutr 2003;90(3):541–50.

22. Health Protection Agency. Pregnancy and tuberculosis: Guidance for clin-

icians. www.hpa.org.uk. http://www.hpa.org.uk/web/HPAwebFile/HPAweb_C/

1194947408879. Published 2006.

23. Lombard EH, Mansvelt EP. Haematological changes associated with miliary

tuberculosis of the bone marrow. Tuber Lung Dis 1993;74(2):131–5.

24. WHO. The Global Plan to Stop TB, 2011–2015. www.stoptb.org.

http://www.stoptb.org/assets/documents/global/plan/

TB_GlobalPlanToStopTB2011–2015.pdf. Published October 2010.

25. Subbaraman R, Devaleenal B, Selvamuthu P, Yepthomi T, Solomon SS, Mayer KH,

et al. Factors associated with anaemia in HIV-infected individuals in southern

India. Int J STD AIDS 2009;20(7):489–92.

26. O’Connell N. Anaemia: a silent complication of diabetes. www.idf.org. http://

www.idf.org/sites/default/files/attachments/article_51_en.pdf. Published 2003.

27. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes:

estimates for the year 2000 and projections for 2030. Diabetes Care

2004;27(5):1047–53.

28. Mehdi U, Toto RD. Anemia, diabetes, and chronic kidney disease. Diabetes Care

2009;32(7):1320–6.

29. Srikantia SG, Prasad JS, Bhaskaram C, Krishnamachari KA. Anaemia and immune

response. Lancet 1976;1(7973):1307–9.

30. Enwonwu CO. Functional significance of iron deficiency. Annual Nutrition

Workshop Series, Vol. III. www.ed.gov. http://www.eric.ed.gov/ERICWebPortal/

search/detailmini.jsp?_nfpb=true&_&ERICExtSearch_SearchValue_0=

ED337422&ERICExtSearch_SearchType_0=no&accno=ED337422. Published 1990.

31. Klebanoff MA, Shiono PH, Selby JV, Trachtenberg AI, Graubard BI. Anemia and

spontaneous preterm birth. Am J Obstet Gynecol 1991;164(1 Pt 1):59–63.

32. Scholl TO, Hediger ML, Fischer RL, Shearer JW. Anemia vs iron deficiency:

increased risk of preterm delivery in a prospective study. Am J Clin Nutr

1992;55(5):985–8.

33. Longmore M, Hope RA, Wilkinson I, Torok E. Oxford Handbook of Clinical

Medicine. 5th edition. New York, USA: Oxford University Press; 2001:626.

34. Naito Y, Tsujino T, Matsumoto M, Sakoda T, Ohyanagi M, Masuyama T. Adaptive

response of the heart to long-term anemia induced by iron deficiency. Am J

Physiol Heart Circ Physiol. 2009 Mar;296(3):H585–93.

35. Scholl TO, Hediger ML. Anemia and iron-deficiency anemia: compilation of data

on pregnancy outcome. Am J Clin Nutr 1994;59(2 Suppl):492S–500S.

36. Kalaivani K. Prevalence and consequences of anaemia in pregnancy. Indian J Med

Res 2009;130(5):627–633.

37. Villamor E, Saathoff E, Msamanga G, O’Brien ME, Manji K, Fawzi WW. Wasting

during pregnancy increases the risk of mother-to-child HIV-1 transmission.

J Acquir Immune Defic Syndr 2005;38(5):622–6.

38. Villamor E, Dreyfuss ML, Baylı́n A, Msamanga G, Fawzi WW. Weight loss

during pregnancy is associated with adverse pregnancy outcomes among HIV-1

infected women. J Nutr 2004;134(6):1424–31.

39. McDermott JM, Slutsker L, Steketee RW, Wirima JJ, Breman JG, Heymann DL.

Prospective assessment of mortality among a cohort of pregnant women in

rural Malawi. Am J Trop Med Hyg 1996;55(1 Suppl):66–70.

40. Moore RD. Human immunodeficiency virus infection, anemia, and survival. Clin

Infect Dis 1999;29(1):44–9.

41. Subbaraman R, Devaleenal B, Selvamuthu P, Yepthomi T, Solomon SS, Mayer KH,

et al. Factors associated with anaemia in HIV-infected individuals in southern

India. Int J STD AIDS 2009;20(7):489–92.

42. Thomas MC. Anemia in diabetes: marker or mediator of microvascular disease?

Nat Clin Pract Nephrol 2007;3(1):20–30.

43. Herzog CA, Puumala M, Collins AJ. NHANES III: the distribution of Hb

levels related to chronic kidney disease (CKD), diabetes (DM), and congestive

heart failure (CHF) (Abstract). www.cdrg.org. http://www.cdrg.org/pub_pres/

files/2002/ASN_2002_Amgen_Abstracts/Amgen15.pdf. Published 2002.

44. Collins AJ, Li S, Gilbertson DT, Liu J, Chen SC, Herzog CA. Chronic kidney disease

and cardiovascular disease in the Medicare population. Kidney Int Suppl 2003;

(87):S24–31.

45. Colomer J, Colomer C, Gutierrez D, Jubert A, Nolasco A, Donat J. Anaemia during

pregnancy as a risk factor for infant iron deficiency: report from the Valencia

Infant Anaemia Cohort (VIAC) study. Paediatr Perinat Epidemiol 1990;4(2):196–

204.

46. Lozoff B. Iron deficiency and child development. Food Nutr Bull 2007;

28(4 Suppl):S560–71.

47. Sandstead H, Lofgren P. Symposium: Dietary Zinc and Iron—Recent Perspectives

Regarding Growth and Cognitive Development. J Nutr 2000;130(2):345S–346S.

48. Dvir D, Geva D, Amir O, Fine I, Monashkin E, Fostick G, Segal E. Evaluation of

noninvasive Hb/Hct monitoring device. Crit Care 2005;9(1 Suppl):P333.

49. Amir O, Weinstein D, Zilberman S, Less M, Perl-Treves D, Primack H, et al.

Continuous noninvasive glucose monitoring technology based on “occlusion

spectroscopy”. J Diabetes Sci Technol 2007;1(4):463–9.

50. Jeon KJ, Kim SJ, Park KK, Kim JW, Yoon G. Noninvasive total hemoglobin

measurement. J Biomed Opt. 2002;7(1):45–50.

51. Dhople AM, Ibanez MA, Poirier TC. Role of iron in the pathogenesis of

Mycobacterium avium infection in mice. Microbios 1996;87(351):77–87.

52. Lounis N, Truffot-Pernot C, Grosset J, Gordeuk VR, Boelaert JR. Iron and

Mycobacterium tuberculosis infection. J Clin Virol 2001;20(3):123–6.

53. Scientific Advisory Committee on Nutrition 2010. Iron and Health.

www.sacn.gov.uk. http://www.sacn.gov.uk/pdfs/sacn_iron_and_health_report_

web.pdf. Published 2010.

54. WHO. Nutrient requirements for people living with HIV/AIDS. Report of a tech-

nical consultation. www.who.int. http://www.who.int/nutrition/publications/

Content_nutrient_requirements.pdf.
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