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Compendium of Knowledge on HIV Infection and Nutrition-Related Issues 
 
Compiled for WISHH by Cade Fields-Gardner 
 
Introduction 
 
Most recent estimates place HIV infections at about 40 million world-wide with the 
hardest hit areas in developing countries and Sub-Saharan Africa, the Caribbean, 
and India. Estimated prevalence rates vary from less than 0.1% to nearly 40% of the 
adult population in various countries. Countries with lower estimated prevalence 
rates may use prevention efforts to control the spread of HIV infection. Countries 
with higher prevalence rates require more intensive efforts in both prevention and 
treatment of HIV infection and its complications. Nutritional considerations should 
be included and integrated into all prevention, care, and treatment efforts as the first 
line of defense and as a support for other efforts. 
 
This document was created because of the need for a central depository for current 
and past nutrition-related information in HIV/AIDS on which to base planning 
efforts and decision-making about program development. The last such 
comprehensive document was completed in the late 1980s and there have been many 
changes in the “face of HIV/AIDS” since that time, including effective treatments for 
control of the virus and new efforts to build prevention and treatment programs 
aimed at both developing and developed countries that are dependent (though not 
always inclusive) of food and nutrition as the most basic human need. 
 
The goal of this project is to provide a series of documents that review and discuss 
the current nutrition-related knowledge and practices in HIV infection. Specific 
objectives for the sponsored documents are shown below: 
 
Objectives 
 

1. Provide a literature review of current knowledge and practices in nutrition and 
HIV infection. 

2. Provide six executive summaries on the topics pertinent to persons and 
organizations working to include nutritional considerations in their programs. 

3. Develop three papers for submission to peer-reviewed journals demonstrating 
evidence base for nutrient needs in HIV-infected populations. 

4. Develop comprehensive database of citations for use on the WISHH website. 
 
This document can be used in several ways. It is divided into several chapters that 
will cover background topics on nutrition and HIV infection as well as complications 
of and to food and nutrition security both domestically and internationally. This 
document may be used to review the current literature as it stands at the date of 
publication and to peruse for research to support programmatic decision-making. 
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While there are many issues that impact on the nutrition and food issues in HIV-
impacted populations, this document will confine its use to those issues that directly 
demonstrate an impact on nutrition and food by the disease and the impact of 
nutrition on the disease. In addition, a searchable database of citations reviewed will 
be available on the WISHH website at www.wishh.org.  
 
Structure 
 
Chapter 1. Interactions: Nutrition, Immunity, and HIV Infection 
 
Chapter 2. Assessment Factors 
 
Chapter 3. HIV Infection and Nutrient Needs  
 
Chapter 4. Maternal-Child Nutrition in HIV Infection 
 
Chapter 5. Lifecycle Nutrition Considerations in HIV Infection 
 
Chapter 6. Integrating Nutrition into HIV Prevention, Care, and Treatment Efforts 
 
Appendices 
Database of Relevant Citations 
Summary Tables of Studies Graded for Evidence-Based Practice Questions 
Glossary of Terms 
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Chapter 1: Nutrition, Immunity, and HIV Infection 
 
Abstract 
Both undernutrition and HIV infection cause immune dysfunction. According to the 
World Health Organization protein-energy malnutrition affects more than 25% of 
children in the world today in the form of stunting and/or underweight and may be 
responsible for 11 million deaths each year. HIV infection most commonly occurs in 
young to middle-aged adults through sexual transmission. In addition, children born 
to HIV-infected mothers are at risk for perinatal HIV infection. While general protein 
energy malnutrition is common, it is not a necessary component of the natural 
history of HIV disease if adequate efforts are made to prevent and maintain the 
body’s nutrient stores and functions. Just as with any other infection or injury, 
alterations in the levels and functions of body nutrients should be anticipated. 
Resting energy expenditure and protein turnover rates are altered in HIV infection 
according to the severity of several factors such as viral burden, cytokine production, 
and symptoms or opportunistic infections. Progressive protein wasting occurs even in 
asymptomatic phases of HIV infection. Efforts to maintain and rehabilitate 
nutritional status are crucial to the survival and prevention of further immune 
suppression and debilitation by malnutrition. 
 
Background 
 
The primary reason for immune suppression or dysfunction in the world today 
remains undernutrition. Adequate nutritional status and maintenance through food 
consumption is the most basic of human requirements and affects all body functions 
and the ability to maintain health. Immune functions that normally protect and help 
to restore the body in cases of infection or injury are compromised in a malnourished 
person. Most vulnerable are children and the elderly, whose immune functions may 
be immature or otherwise already compromised.  
 Nutritional status markers are the strongest predictors and the most reliable 
markers of morbidity and mortality (illness and death).1 Maintenance of adequate 
body weight levels and adequate amounts of protein tissues (especially muscle and 
organ tissues) is the most important key to health and survival. Undernutrition is 
the most lethal form of malnutrition and efforts to roll back and eliminate this 
problem in the world has been seriously hampered by the HIV/AIDS pandemic in 
those countries that are most affected. 
 The human immunodeficiency virus (HIV) infects or is harbored in many cells 
and areas of the body, but specifically targets CD4 cells to increase and spread. As 
CD4 cells are used to manufacture and assemble HIV, a process that happens 
continuously and rapidly, they are rendered dysfunctional. When the cell is finally 
destroyed when HIV “buds” out from the cell to spread, CD4 cell numbers drop. CD4 
cells are immune cells that coordinate the activities of part of the immune system 
and their infection renders them unable to complete this function, leaving the body 
open to infections that would not otherwise cause too much of a problem in someone 
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with a fully functioning immune system, called “opportunistic” infections. The level of 
virus found in the blood is associated with the amount of immune cell destruction 
and the progression of the disease. 
 In addition to the infection of important CD4 cells, the virus also affects many 
other cells. Phagocytes that engulf HIV are also rendered dysfunctional and can 
cause problems in important immune organ sites, such as covering surface area of 
the intestines causing malabsorption of nutrients and other substances that are 
consumed. HIV may be introduced through the gastrointestinal tract and can wreak 
havoc on the normal functions of this organ that is noted for very high cell turnover 
even without HIV.  
 As with any other infection or injury, HIV causes the body to break down 
protein stores, such as muscle tissues, to allow the formation of protective proteins 
that initiate immune responses. In the case of chronic HIV infection, the process of 
protein breakdown is continuous and challenges a person’s ability to maintain 
adequate levels of body protein and other nutritional stores. In addition, the 
protective responses alter hormonal milieu, which changes the way nutrients are 
absorbed, processed and assimilated, and excreted. These changes can contribute to 
disease progression and complications. Both situations yield constant assaults on 
nutritional stores and metabolism and require interventions to  both assure the 
appropriate volume of nutrient intake and the appropriate forms and dietary 
patterns to enhance well-being and minimize the effects of the disease. 
 
Literature Review 
 
Immune Suppression by Undernutrition 
 Any nutrient deficiency or alteration to yield nutrients unavailable for normal 
body functions will lead to an increased risk for infection by impairing the protective 
immune response. Immune responses require adequate cell production, activation, 
and additional chemical mediators of immune response. Cell-mediated and non-
specific immunity functions tend to be more sensitive to malnutrition than humoral 
immune responses. HIV infection also affects cell-mediated immunity. 
 In addition to cellular immune functions, malnutrition can lead to the 
breakdown of other barriers to infection, such as skin disorders, gastrointestinal 
changes, and lung barrier alterations.  
 
Effect of Infection on Nutritional Status 
 The effect of infection on nutritional status depends on many factors including 
the baseline nutritional status, the severity of the infection, and the site affected 
(localized or systemic). If the baseline nutritional status is borderline deficient, 
nutritional depletion may occur quickly. In persons with adequate nutritional status 
at baseline, a mild to moderate short-term infection may not deplete nutritional 
stores.2 Chronic infections, such as chronic HIV disease, presents a challenge to the 
maintenance of nutrient stores.  
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 The nutritional effects of infection should be taken into account in estimating 
nutrient requirements. It remains uncertain how common conditions or disease 
prevalence affects nutritional requirements of these subpopulations. Nevin 
Scrimshaw recommended that a different method of estimating requirements should 
be employed because of the various factors that can affect dietary needs, such as 
“anorexia, fever, adverse effects of treatment, impaired intestinal absorption, 
increased nutrient losses, and internal sequestration” among other factors.3 
Considerations in nutrient requirements should include  
Mechanisms of HIV Infection 
HIV infection, like other infections, induces a defensive immune response.  
 
Effect of HIV Infection on Nutritional Status 

Early on there are a number of nutritional status changes attributable to HIV 
infection. Very early changes in nutritional status and metabolism were seen in HIV 
infection. Loss of body cell mass (BCM) is especially detrimental to survival and 
normal body functions. In addition, loss of BCM is associated with fatigue, 
depression, and reduced quality of life.4 Decreases in BCM and increases in 
extracellular fluid levels are hallmarks of infection and injury. In early HIV infection, 
the alterations may even out and weight levels may not change to reflect the 
detrimental process.5  

Increases in resting energy expenditure (REE) hav been documented in early 
HIV infection and has been associated with the level of HIV virus in the blood (viral 
load).6 Research on this topic is equivocal and the mechanisms for alterations in REE 
are likely to be multifactoral and different between persons tested based on a number 
of risk factors, including baseline and changes in nutritional status, dietary intake, 
symptoms experienced, and treatment-related complications.7 

Cytokine levels, mediators of immune responses, have also been implicated in 
elevations of REE and the loss of lean tissues regardless of treatment and even 
without weight losses.8 High levels of cytokines in the blood that are a consequence of 
infection were related to wasting.9 However, there appear to be differences between 
men and women in this finding. For instance, weight loss in women appears to favor 
fat loss where men tend to lose lean tissues.10 11  

Additional protein intake has been recommended in many chronic infectious 
diseases and HIV infection is no exception. Increasing amounts of amino acids were 
provided to boost protein intake in patients receiving parenteral nutrition to find 
that an increased amount of protein can improve nitrogen balance in AIDS patients, 
protein turnover is highly variable and correlated with the volume of BCM as a 
percentage of weight, and does not follow a linear effect in altering balance through 
increased protein synthesis.12 Another study of amino acid flux in leg tissue of HIV-
infected patients compared to controls suggested that though there may be cases of 
adaptation through reduced protein breakdown, protein synthesis may be severely 
depressed allowing for a progressive wasting of protein tissues.13 
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Effects of Wasting in HIV Infection 
 Nutritional status markers are independently predictive of morbidity and 
mortality in HIV infection. The severity of wasting can be used as a prognostic 
indicator in patients not taking ARVs who lose more than 20% of their weight from 
baseline surviving an average of 48 days compared to those losing less than 10% 
surviving for more than 500 days.14 
 Wasting processes are associated with a number of detrimental endocrine 
changes, such as reduced testosterone levels and elevated cortisol levels when 
compared to controls without wasting.15 In one study, reduced testosterone levels 
were seen up to six months before the documentation of wasting syndrome, 
suggesting that a reduction in these muscle-preserving hormones may also contribute 
to the wasting process.16 Hormone replacement therapy and hormonal modulation 
has been the topic of much of the research on treatment of wasting syndrome in HIV 
infection. 
 
Effect of Co-Infection on Nutritional Status 

HIV infection with immune suppression can increase risk for co-infections 
leading to additional nutritional decline. Patients who have co-infection with another 
infection, such as tuberculosis (TB) may show a more severe pattern of malnutrition. 
Patients with HIV and TB co-infection appear to have an additive effect as an added 
inflammatory process and immune challenge. Co-infected patients showed more 
symptoms of oral candidiasis, diarrhea, lymphadenopathy, skin disorders and other 
problems compared to patients infected with TB alone.17 Patients co-infected with 
HIV and TB were compared to patients with TB alone to find that nutritional 
differences were related mostly to lower CD4 cell counts (<200 cells/microL) 
indicative of immune suppression.18 While co-infected patients showed more severe 
malnutrition, typically used anthropometry may underestimate the severity of 
malnutrition because of the expansion of extracellular fluids that adds to total weight 
while not contributing to the maintenance of body functions.19 

In a cross-sectional study in Malawi, patients with TB or TB-HIV co-infection 
were compared and stratified according to viral load. Patients with low viral loads 
showed comparable values of micronutrients with those who were infected with TB 
alone, while patients with higher viral load and increasing severity of wasting 
showed more micronutrient alterations.20  
 
Prevention of Malnutrition in Chronic HIV Infection 
A recent consensus conference of economists convened in Copenhagen identified 
HIV/AIDS, hunger and malnutrition, and malaria as three of the top four most 
important challenges facing the world today.21 Investment in the prevention and 
treatment of these problems could yield much greater economic benefits. Not all 
patients with HIV infection experience wasting, though it appears to be quite 
common for patients to have one or more wasting episodes during the course of the 
disease. While chronic HIV infection, opportunistic infection, and drug-related 
symptoms appear to pose the greatest risk factors for weight loss and other 
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nutritional alterations, it is possible that containing the damage could improve 
survival and reduce adverse effects on morbidity and quality of life as well as 
improve prevention efforts. 
 
Evidence Based Practice Q&A 
 
1-1. What consequences of HIV infection lead to malnutrition? 
1-2. What nutrient alterations are seen in HIV infection? 
1-3. What alterations are associated with markers of malnutrition in HIV infection? 
1-4. How can malnutrition be prevented in HIV infection?  
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Chapter 2. Nutrition Assessment Factors in HIV Infection 
 
Abstract 
Nutritional status indicators are among the strongest predictors of survival in people 
living with HIV infection. Thus, assessment factors can be useful both as nutritional 
status indicators and as risk factors for disease progression. Regardless of the 
setting, there are hierarchies of nutritional assessment factors that can be used to 
determine urgent or upcoming problems that may need to be addressed in an 
individual or a larger target population. 
 
Background 
 

Nutritional status indicators include body measures (anthropometry and 
others), biochemical, clinical history and status, and dietary history. Anthropometry 
includes various measures of body dimensions and volumes. For instance, weight and 
weight change are important features of health and nutritional status changes. An 
added measure, height, provides the ability to determine if baseline weight and 
changes are appropriate to maintain health or if there is additional risk for mortality 
through the calculated body mass index (BMI). Further measures to determine body 
composition, fluid shifts, and fat patterns can help to determine the reason behind 
and impact of disease and other factors affecting nutritional status as well as to 
monitor the ability of the body to appropriately respond to interventions. Body 
circumferences and fatfolds, bioelectrical impedance analysis (BIA), computed 
tomography (CT) scans, magnetic resonance imaging (MRI), dual energy Xray 
absorptiometry (DEXA), and other methods of body composition and patterning 
analysis further define problems and assist in determining appropriate interventions 
for both nutritional status and disease process.  

Biochemical measures include disease indicators (such as viral load, CD4+ 
immune cell counts, c-reactive protein,) and nutritional indicators (serum albumin, 
prealbumin, hormone levels, and vitamin/mineral levels). Disease process has a 
strong impact on maintenance of nutritional health and the success of nutrition-
related interventions. In addition, nutritional status has a strong impact on the 
effectiveness of medications and other interventions aimed at controlling the disease 
process. 

Clinical status and history includes disease status, complicating factors (such 
as opportunistic infections, symptoms, and other diseases), and medication history. 
Opportunistic infection often initiates nutritional compromise causing symptoms that 
block nutrient intake (loss of appetite or pain), diminish the ability to absorb 
adequate nutrients (malabsorption, diarrhea), and change the way the body uses and 
stores nutrients (altered metabolism and hormonal changes). Both interview and 
laboratory findings are used to determine clinical status.  

Diet history includes food and nutritional security items, food volume and 
quality choices, and cultural issues that affect food choices. Food and nutritional 
security estimations can be done at the regional, country, community, and individual 
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levels. For instance, regional agricultural trends, especially in developing countries, 
will help to determine food resources and missing pieces. Country policies on imports 
and exports can affect the availability of quality foods. Employment levels and the 
portion of the population living below poverty levels can identify at-risk populations. 
Estimated HIV infection prevalence and incidence can help to identify urgent needs 
for nutritional evaluation and interventions. Community structure can identify 
appropriate routes for investigation and intervention. Family composition and 
resources can help to determine appropriate interventions. Individual food 
preferences and diet recalls can determine the risk for nutritional compromise and 
the need for a wide range of interventions, such as education, food aid, and 
therapeutic feeding. 
 
Literature Review 
 
Nutrition-Related Measures 
 Typical clinical evaluation of includes various factors that contribute to the 
decline, maintenance, and rehabilitation of nutritional status. In addition to these 
items, measures of food and nutrition security, knowledge, and psychosocial and 
economic risk factors and indicators can assist in the development of community-
based and other programs to address the nutrition-related problems associated with 
HIV disease. 
 
Examples of Measures Related to Survival and Disease Outcomes 
 Nutrition-related predictors of survival include weight loss from baseline and 
BMI. In HIV-infected patients weight loss of less than 5% from baseline and a body 
mass index of <20 were independent predictors of mortality and HIV disease 
progression.22 23 24 25 In addition, BMI is associated with CD4 counts, making it a 
potentially useful surrogate marker in areas where routine laboratory measures are 
unlikely to occur.26 27 Improvements in BMI have been related to improved survival. 
In one case, mild to moderate obesity was inversely related to mortality in a 
comparison of HIV-infected drug users and HIV-negative controls without impairing 
immune factors and independent of immune cell counts.28 These findings that have 
been repeated in independent research suggest than height and weight measures and 
the calculation of BMI should be considered a minimum data set for all programs 
that provide care and treatment to HIV-infected people. 
In addition, BMI is related to other nutrition and disease measures that are also 
predictors of disease outcomes, such as anemia.29 
 More specific measures of lean body tissues and inflammatory processes are 
also independent predictors of survival. Lean body mass adjusted for height and C-
reactive protein measures were more significant predictors of survival than more 
traditional measures of albumin, prealbumin, and weight loss in a multivariate 
model.30 Measures of vitamin and mineral status can be difficult to interpret in the 
presence of chronic inflammatory infection. A diagnosis of anemia will require 
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differentiation between simple iron deficiency and anemia of chronic disease, both of 
which may be present and may require very different approaches.31 32 
 Serum vitamin and mineral levels can be altered by deficiency and/or altered 
metabolism as seen in chronic inflammatory diseases, such as HIV infection. 
Exploration into the specificity and sensitivity of testing is required in the context of 
HIV infection to determine the validity of commonly used tests for nutrient 
deficiencies. Such a study was conducted in 600 Kenyan women to demonstrate that 
serum retinol-binding protein is valid even in patients with HIV infection and an 
acute phase (inflammatory) response that alters nutrient metabolism.33 Vitamin B12 
levels may be depressed in a subgroup of patients with HIV despite adequate intake 
and with malabsorption problems. Interestingly, vitamin B12 and folate levels may 
improve after the initiation of antiretroviral therapies.34 However, differentiating a 
real deficiency which will require supplementation from altered metabolic processes 
which may suggest that supplementation is contraindicated and potentially 
dangerous can be difficult.35 Acute phase responses can lead to a low serum level of 
vitamin A in a comparison of women with or without HIV infection to show that low 
concentrations of vitamin A may reflect active infection more than a deficiency and 
that supplementation in those circumstances may not yield improvement.36 Instead, 
reducing the inflammatory process by treating infection may yield better results. 
Such conditions should be considered in evaluating studies of nutrients that change 
under inflammatory conditions. 
 True deficiencies can be seen in cases of reduced nutrient intake and 
malabsorption, both common issues in people living with HIV infection. Starting at 
birth, the gastrointestinal tract requires exposure to both nutrients and antigenic 
microbes to develop immune cell function and cytokine responses. Nutrient 
deficiencies can result from imbalances of nutrients and gut flora as well as an 
impairment of immune response in the gut.37  
 
Examples of Measures Associated with Disease and Treatment-Related  Alterations 
Nutritional indices may differ due to confounding conditions and co-infection. In a 
small study comparing men with asymptomatic HIV infection to those with 
symptoms, BMI and lean tissues were similar despite the findings of increased REE 
and protein breakdown.38 The compensation appeared to be an increase in energy 
intake and protein synthesis. Lower protein catabolism and synthesis are signs of 
starvation processes, which has been documented in chronic HIV infection.39 A low-
grade impairment in protein synthesis even in apparently asymptomatic HIV 
infection that can lead to progressive wasting has also been documented. This loss of 
lean tissues appears to continue to be common regardless of the use of ARVs and may 
be related more to cytokine production than dietary intake. Weight losses may be 
contained by increased energy intake to compensate for elevated REE, but the 
protein stores may require additional intervention.  
 A recent history of AIDS-defining diagnoses can predict wasting processes. 
Opportunistic infection has been associated with the initiation of an acute wasting 
process whereas gastrointestinal involvement is associated with chronic wasting. 
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Both have been tied to both decreased nutrient intake and increased metabolism.40 41 
Altered metabolism, especially of protein and fat, may impair efforts to rehabilitate 
nutritional status with nutrient-based therapies and should be considered in 
assessment and intervention strategies. 

In HIV-infected intravenous drug users, lower BMI and alterations in vitamin 
and mineral levels, such as vitamins B6 and B12 and minerals selenium and zinc 
despite similar energy intake levels when compared to HIV-infected non-drug 
users.42  
 
Measures to Monitor Interventions 
 Whether the goal is to improve food and nutrition security of a population or 
body mass index of an individual, nutrition-related interventions should be 
monitored for desired and potentially adverse effects. Measures should be sensitive 
and specific as well as purposeful to direct patient care. Minimum data sets of 
measures can be instituted for general health impact evaluation, such as BMI. In 
addition, measures to determine improvements in levels of body stores that impact 
the ability to adequately process medication therapies may include estimations of 
body cell mass. For instance, if a goal is to improve protein status of the body, a 
measure of nitrogen balance may require an understanding of dose-related responses 
and the additional nitrogen required for deposition as well as achieving an “in/out” 
balance. Close monitoring of potentially problematic interventions, such as those 
aimed at reversing an apparent iron deficiency anemia, may include routine 
evaluation for potential toxicity in iron stores and further differentiation of anemia 
types. Additionally, indirect effects of nutrient-related interventions should be 
considered, such as social and economic markers. 
 
Evidence-Based Practice Q&A 
 
2-1. What measures should be a part of a minimum data set? 
2-2. What measures can be used to determine appropriate interventions? 
2-3. What measures are necessary to determine the effectiveness of interventions? 



Recommendations for Nutrient Intake in HIV Infection page 12 of 52 

Chapter 3. Nutrient Needs in Chronic HIV Infection 
 
Abstract 
The World Health Organization released a technical advisement report to review 
current research supporting nutrient recommendations in persons with HIV 
infection. This report noted a general increase in calorie needs with inadequate data 
to support alterations in protein, fat, and many micronutrient requirements. While 
nutrient needs are individually determined, an understanding of nutrient needs 
based on commonly presenting co-morbidities may help to more specifically define 
the changes in nutrient requirements that may occur differing presentations may 
more realistically address the needs of populations in highly affected regions of the 
world. 
 
Background 
 
The World Health Organization released a report on “Nutrient requirements for 
people living with HIV/AIDS” based on a technical consultation in Geneva, 
Switzerland in May 2003.43 In this paper, it was concluded that energy requirements 
may increase as necessary to maintain weight and physical activity by about 10%, 
symptomatic HIV infection presents greater challenges and potential increases in 
energy needs of 20-30% to support adult weight maintenance, and that HIV-infected 
children may require 50-100% additional energy to restore lost weight. Reversal of 
stunting requires adequate and sustained access to food. 

This report also concluded that protein studies in HIV were insufficient to 
make a recommendation beyond the requirement of 12-15% of total energy intake. 
There was insufficient research to support changes in fat calorie requirements. And 
while there is some evidence that interventions with micronutrients may be 
beneficial in nutritionally challenged populations with HIV infections, 
recommendations were held to ensure RDA levels of nutrient intake. In addition, the 
report suggested that rehabilitation from micronutrient deficiency may require 
greater levels of intake and that high levels of problematic micronutrients (vitamin 
A, zinc, and iron) have the potential to produce adverse outcomes. Evidence for 
changes in standard recommendations based on non-HIV infected populations for 
iron-folate and vitamin A supplementation was considered lacking and no 
modifications were recommended.  The report considered caveats specific to HIV 
infection for fat and micronutrients but did not mention the potential for alterations 
in protein absorption and metabolism. For instance, the report mentioned that 
altered fat intake may be required in cases of persistent diarrhea to reduce the 
common problem of fat malabsorption-induced diarrhea.  
However, the presence of fever and diarrhea, both common consequences of HIV 
infection, medication interactions, and opportunistic infections will typically increase 
protein requirements and were not considered in this report.  

The knowledge gaps mentioned in this report included the effect of HIV 
infection on nutrient requirements throughout the lifecycle, what are optimal intakes 



Recommendations for Nutrient Intake in HIV Infection page 13 of 52 

of nutrients in the presence of metabolic stress including gastrointestinal infection or 
other co-infection, what are the safe upper limits for nutrients in the context of HIV 
infection, what effect nutritional status and interventions have on HIV disease and 
related complications, and what is the interaction between nutrition and 
antiretroviral therapies.  

For operational research, the report suggested evaluating the response to food 
and nutritional recovery and determining a need for policy change specific to 
interventions targeted to HIV-infected populations. 

In addition, the WHO issued a set of guidelines to determine HIV infection and 
disease progression in resource limited settings where confirming laboratory values 
may be more difficult to obtain. The clinical case definition for pediatric HIV infection 
may not be sensitive enough to adequately discriminate between HIV-infected and 
non-infected children.44  
 
Literature Review 
 
Nutrition Issues in HIV-Infected Children 
 Regardless of the classification of death for children worldwide (70% are 
attributed to diarrheal illness, respiratory infection, and immunizable diseases), 
malnutrition may have the strongest impact on mortality.45 Growth indicators are 
often compromised in pediatric HIV infection. While energy expenditure may be 
similar between HIV-infected children with normal growth compared to those with 
growth deficits, energy intake appears to be significantly lower in growth impaired 
children. In addition, more severe HIV disease stage, increased inflammatory 
markers (cytokines), and decreased levels of insulin-like growth factor (IGF-1) and 
serum proteins are associated with growth impairment in children with HIV 
infection.46 
There may be difference in the type of malnutrition experienced by children who are 
HIV-infected compared to those who are not. In Zimbabwe a cross-sectional look at 
children admitted to the hospital (68 HIV-infected and 72 non-infected) suggested 
that marasmus and marasmic kwashiorkor were the predominant forms of 
malnutrition in infected children while kwashiorkor was more common in non-
infected children (p<0.001). During their admission, 32 (22.8) children died. Their 
mortality was closely associated with less than 60% of their expected weight while it 
was not associated specifically with HIV infection.47  
 In Malawi 250 severely malnourished children older than 1 year of age were 
evaluated to find that more than a third were HIV-infected and the mortality rate of 
the whole group was 28%. This study supported the notion that marasmus is the 
predominant form of malnutrition (p<0.0001). Breastfed infants with malnutrition 
were more likely to be HIV infected than infants who were not breastfed.48 In South 
Africa a group of 181 children ranging from 3 months to 4 years of age were 
evaluated for causes and consequences of diarrhea. Thirty-one children were HIV-
positive and were more likely to be malnourished (p<0.001) and there was a trend 
toward more common chronic diarrhea (p=0.07) though there was no significant 
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difference in the types of pathogens seen in the stool.49 This study suggested that the 
defining difference in HIV-infected versus non-infected children was the prevalence 
of malnutrition. Diarrheal disease was also explored in 200 Zambian children, 108 of 
whom were HIV infected. While the pathogens were not significantly different, 
marasmas was more common in HIV infection and kwashiorkor was more common in 
uninfected children. Lower Z scores were seen for weight for age (p<0.0001) and 
similar differences were seen for weight for height, height for age, and midarm 
circumference measures. Mortality in 39 (20%) of the children was most related to 
marasmus and cryptosporidiosis.50 
 1854 children under five years of age in Dar es Salaam, Tanzania were 
evaluated for nutritional status and HIV infection. Stunting was seen in 32%, 
underweight in 15%, and wasting in 3%. HIV infection and low birthweight were 
associated with stunting and wasting.51  
 Failure to thrive, or chronically impaired growth and malnutrition, is common 
in HIV infected infants. Both maternal and child risk factors are associated with 
failure to thrive defined as age and sex-adjusted weight score of </= -2.0.52 Growth 
impairment was associated with smoking and the use of illicit drugs in pregnancy. 
Risk factors of children include pneumonia, low CD4 cell counts, exposure to ARVs 
(non-PI) within three months of birth, and viral load.  
 Many children have existing malnutrition at baseline and may require more 
energy and protein to achieve growth, especially after bouts of diarrhea. Increased 
protein levels can improve catch-up growth rates to restore nutritional status in 
malnourished children.53  
 In Zimbabwe, the relationship between HIV infection, bacteremia, and 
nutritional status was explored in 212 children between 0 and 5 years of age who 
died at home and were brought to the hospital within 3 hours of death. 122 of these 
children were HIV infected and 110 were malnourished. There was a strong 
association between malnutrition and bacteremia (p<0.001) and the authors 
suggested that there was additional association with HIV infection that malnutrition 
could not explain.54  

Several co-factors contribute to health decline and malnutrition in chronic HIV 
infection, including infections and symptoms of diarrhea, nausea, and appetite losses. 
In Zambia, of 1266 children enrolled in the study, a high prevalence of HIV infection 
was associated with tuberculosis, malnutrition, pneumonia, and diarrhea with a 
significantly higher mortality rate among HIV-infected children (19%) compared to 
uninfected children (9%) (p<0.0001).55 In India, children presented with a number of 
infections, mostly oral candidiasis and pulmonary tuberculosis. In this study there 
were 7% who presented with diarrhea.56  
 HIV-positive children (n=6) compared to controls (n=4) in addition to a 
perpetual protein catabolism due to the inability to downregulate this process. This 
process can lead to growth failure and potential for secondary infections.57 
 A study of whole body protein turnover was conducted in 26 children, 
including 10 HIV-infected and growth retarded children, 12 HIV-infected children 
without growth retardation, and 4 controls. Whole body protein turnover was 42% 
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greater in the HIV+ growth retarded children and 24% greater in non-growth 
retarded HIV-infected children compared to controls. Significant relationships were 
found between the whole body protein turnover rate and variables of Z scores for 
height (p=0.05), weight for age (p=0.01), and protein intake (p=0.02) while there was 
no relationship between turnover and resting energy expenditure and CD4 cell count. 
The authors suggested that it may be possible to achieve protein balance if there is 
an adequate intake of calories and protein.58 
 In children the protein response to HIV infection includes an increase in acute 
phase protein synthesis (APPs) and a negative protein balance. Protein intake may 
be lower in HIV-positive children (n=6) compared to controls (n=4) in addition to a 
perpetual protein catabolism due to the inability to down regulate this process. This 
process can lead to growth failure and potential for secondary infections.59 HIV 
infection drives the increase of whole body protein turnover as a normal response to 
infection to allow the body an opportunity to defend itself. It appears that children 
with marasmus and acute infection experience higher turnover rates with net 
conservation of these amino acids to produce protective proteins than children with 
kwashiorkor and acute infection, who typically have a higher mortality rate.60 This 
finding could have important implications on assessment and treatment of children 
with HIV and co-infections. 
 
Nutrition Issues in HIV-Infected Adults 
Maternal health affects pregnancy outcomes. HIV infection in pregnant women has 
yielded negative pregnancy outcomes, such as low weight gain during pregnancy and 
low birth weight of the child. 
 Several reviews have been written to describe the causes, consequences and 
treatment strategies for weight loss and wasting. The best predictors for survival 
with HIV infection are nutritional markers of weight, body mass index (BMI), and 
body cell mass. In a study of predictors of survival it was noted that contributors to 
malnutrition may include a reduced nutrient intake, increased resting energy 
expenditure, chronic diarrhea, and opportunistic infections. Strongest predictors of 
survival included CD4 cell counts, lean body mass adjusted for height, and the 
inflammatory marker of C-reactive protein. Patient age, stage of disease, use of 
antiretroviral therapies, and previous opportunistic infections were not associated 
with survival.61 
 Weight losses of any type are risk factors for mortality in HIV-infected 
populations. Weight loss can occur in fat-free mass, body cell mass, and fat. Weight 
loss episodes may be documented as weight lost from baseline (premorbid) weight or 
as any weight loss from other previously documented weights. Interestingly, there 
appears to be a higher prevalence of wasting (35% higher in one cohort) more 
recently than in the first two years after the introduction of HAART combinations, 
though improvements were seen in those receiving nutrition intervention.62 Weight 
loss is multifactoral and may represent a variety of different types of weight and 
differing consequences. Acute infections can lead to preferential loss of lean tissues. 
Once lean tissues, particularly body cell mass, are depleted through both acute 
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infection challenges, reduced nutrient intake, and malabsorption the person with 
HIV infection is likely to show a normal response of hypometabolism. In patients 
with malabsorption there may not be an adequate additional intake of energy to 
balance and maintain weight. Even so, clinically stable patients may be able to 
maintain adequate energy balance for periods of time, which suggests that the 
wasting process may be intermittent rather than a linear decline.63 
 Higher levels of resting energy expenditure have been documented in HIV 
infection. While the level of energy is expenditure is related to the level of calorie 
burning lean tissues, the level remains higher per kilogram of fat-free mass in HIV 
infected women compared to controls.64 In a comparison of 22 HIV-infected patients 
with 8 controls, protein turnover rate was significantly increased in the symptomatic 
AIDS patients (n=14). Fat oxidation was greater in HIV infection than in controls. 
The authors suggested that though protein turnover may be increased, there was no 
significant impairment in anabolic response to nutrition support.65   
 A potential contributor to muscle wasting may include altered muscle protein 
metabolism in HIV infection. Nine HIV-infected men with documented wasting, 14 
HIV-infected men without wasting, and six controls were evaluated for muscle 
metabolism. The results suggested that AIDS wasting was a result of preferential 
loss of muscle protein and the inability to sustain an increased protein synthesis.66 
 Protein metabolism was explored by comparing 9 asymptomatic AIDS patients 
with 13 controls. This study suggested that there is both a lower protein catabolism 
and synthesis rate suggesting a starvation-type response. The authors of this study 
suggested that this process could contribute to the risk for opportunistic infection.67  
 Co-infection presents additional challenges to the maintenance of nutritional 
status and overall health. Tuberculosis infects an estimated 1.86 billion individuals 
or nearly a third of the world’s population.68 Tuberculosis (TB) is the most common 
co-infection with HIV in developing countries and both are known as wasting 
diseases.69 While both alone are wasting diseases, even lower body weight, body mass 
index, and fat-free mass has been documented in people with HIV-TB coinfection.70 71 
In men and women with pulmonary tuberculosis with or without HIV infection 
(n=261 and 278 respectively) in Uganda, there were no significant differences seen in 
BMI or the number of patients below a BMI of 19 in each group. However, mean BMI 
was approximately 18 in men and approximately 19.5 in women, both below the level 
of 20 that is associated with increased risk of mortality.72 Authors speculated that 
poor nutritional status may be a greater risk factor for TB coinfection than HIV 
infection alone. In another study, normal BMI and even obesity seemed protective 
against TB infection in HIV-negative men.73 In this study, lower BMI, body cell mass 
(BCM), and fat mass were associated with more advanced HIV infection as indicated 
by a CD4 cell count of less than 200.  
 HIV infection is associated with a reduced whole body protein flux whereas TB 
is not associated with abnormal protein metabolism. While protein anabolism is 
possible in healthy controls (n=11) and even in the tuberculosis alone (n=10) and HIV 
infection alone (n=10) groups, the HIV with TB coinfection (n=8) group was 
associated with impaired anabolism response to feeding.74  
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 Chronic diarrhea and wasting have historically been features of HIV infection 
in both developed and developing nations. In Zambia, 262 HIV-infected adults and 
children were evaluated for weight loss and chronic diarrhea. Weight loss was closely 
related to the presence of chronic diarrhea. Children presented with diarrhea in 
about half of the cases regardless of HIV status, however weight loss, and specifically 
marasmus diagnosed as <60% of expected weight without edema, and tuberculosis 
was significantly more common in children with HIV infection. More than a third of 
the HIV-infected children presented with marasmus, more than half with chronic 
diarrhea, and nearly two-thirds with weight loss. In adults, both chronic diarrhea 
and wasting was more common in HIV infected patients than in uninfected adults. 
Mortality was most common in adult patients with chronic diarrhea (p<0.01) and 
lymphadenopathy (p<0.04) when adjusted for other risk factors. The authors 
conclude that the prevention and nutritional rehabilitation in cases of chronic 
diarrhea may be especially important to prevent weight loss, wasting, and death.75 
Diarrhea can affect up to 90% of patients with HIV infection, especially those with 
significant immune suppression. Diarrhea is associated with increased morbidity and 
mortality in HIV infection and is especially problematic in developing countries. 
Multiple causes may include unsanitary conditions, medication or herbal 
interactions, malnutrition, and infections. Treatment includes prevention and 
treatment of causes as well as restoration of fluids and electrolytes to prevent further 
dehydration.76 
 
Metabolic Disorders in HIV Infection 
Metabolic alterations are a common finding in any inflammatory condition, but 
especially problematic in chronic, life-long inflammatory diseases, such as HIV 
infection. Many of the metabolic alterations are related to or affect nutrient status in 
the body and therapies can range from nutrient-based strategies to adjunctive 
therapies aimed at balancing hormonal milieu. While not common, lactic acidosis can 
be a mild to severe and even life-threatening condition related to oxidative stress and 
medication interactions, particularly on nucleoside ARV therapies. A cross-sectional 
study of 350 HIV infected patients suggested that hypothyroidism prevalence was 
approximately 16% ranging from subclinical to overt  hypothyroidism which 
correlated with the use of stavudine and low CD4 cell counts. The authors suggested 
screening for patients with low CD4 counts and receiving stavudine.77 
 Equivocal results have been seen for changes to androgenic hormones in 
women. Compared to controls (n=16) and HIV-infected women without physical 
evidence of lipodystrophy (n=14), women with lipodystrophy (n=9) showed a 
syndrome of hyperandrogenemia characterized by increased levels of total 
testosterone, free testosterone, and luteinizing hormone. While lipodystrophy 
appears to be correlated with hyperandrogenemia in women the relationship between 
this finding, lipodystrophy, and insulin resistance requires additional exploration.78 
Another study suggested that women with wasting may experience androgen deficits 
that lead to the additional consequences of osteopenia and osteoporosis, while the 
preservation of muscle mass appeared to have a preservation effect on bone density.79 
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 However, in another study in HIV-infected women who had a low body mass 
index or weight loss (n=69), nearly half had lower than expected levels of testosterone 
compared to 8% of the control population. A weight loss of 10% from maximum 
weight levels was correlated with depressed levels of testosterone. The use of 
antiretrovirals did not appear to be related to androgen levels.80 
 Diagnosis of androgen deficiency includes free testosterone levels and 
treatment includes intramuscular testosterone injections or transdermal patches or 
gel to normalize testosterone levels in both men and women may help to improve 
weight, lean body mass, energy, and quality of life.81 
 
Nutrition Interventions 
 
Treatment for HIV infection is essential to the maintenance of nutritional status. 
Prior to treatment, interventions should be aimed at preserving nutritional reserves. 
The ability of antiretroviral therapies to reverse nutrition problems related to HIV 
infection is incomplete. With the use of highly active antiretroviral therapy regimens 
HIV-infected persons may gain weight primarily as fat without simultaneous 
restoration of important lean tissues. In such cases, additional efforts that may 
include nutrient modulation, exercise, and hormonal treatments may be required.82   

Interventions range from basic education and nutrient support to the 
correction of metabolic abnormalities and other disease management strategies.83 In 
both TB and HIV programs, nutrition-related interventions have been important 
features of successful treatment programs. Food or supplements for adults and 
children have been used as incentives to attend and adhere to treatment programs 
for tuberculosis.84 
 
Counseling and Calorie-Containing Supplements Intervention 
The nutrient intake of HIV-infected populations may vary according to many factors, 
including stage of illness. In general, HIV-infected persons may increase calorie 
intake in an effort to balance against the catabolic proecess, and still have less than 
optimal body mass indexes.85 The ability to respond to enhancements in calories and 
protein may depend on the appropriate anabolic response of the body. In some cases, 
HIV-infected patients may develop an “anabolic block” preventing the calories from 
being effectively integrated and normalizing body tissues, particularly body cell 
mass.86 

The use of calorie containing supplements with counseling was compared to 
nutritional counseling alone in 50 patients showed that patients were able to 
increase calorie intake by about 600 calories per day. Both groups gained weight and 
body cell mass, with fairly significant increases in fat-free mass from baseline by 
week 8 (p<0.05). The authors suggested that though supplements can displace some 
caloric intake through foods, they may improve adherence to a weight gain 
program.87 
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Increased nutrient intake was achieved by tube feeding for 18 children (15 
under the age of two years) which resulted mostly in improved weight with less 
improvement seen for height.88 
A study of 35 malnourished children between 24 and 59 months of age who showed 
signs of chronic and acute malnutrition showed a higher than standard protein 
intake resulted in significant improvement in weight and fat-free mass within 21 
days. Thus the researchers suggested that a protein intake level of up to 200% 
normal recommendations can accelerate the catch-up growth process and should be 
considered.89 In malnourished elderly patients without disease, an increase from 
recommended levels of protein intake of up to 15% of calories was increased to 19.4% 
of calories and yielded a significant difference in weight gain and fat-free mass gain 
through the stimulation of nitrogen kinetics and improved protein deposition into 
muscle tissues. The authors of this study suggested that improving the ratio of 
protein to calories in malnourished patients may significantly improve the desired 
outcome of improving weight and specifically the volume of lean tissues, muscle 
strength, and functional status.90 
High protein diets may be required to reverse catabolism. A study that combined 
high-protein oral supplements with medroxyprogesterone acetate (an appetite 
stimulant and antineoplastic agent) or placebo showing that protein (specifically 
amino acid) utilization may be more efficient in the presence of the hormone.91 
 How much protein is required to achieve a positive protein balance in HIV is 
quite variable. In one small six-patient study, protein balance was achieved by one 
patient at as little as 0.6 g/kg of amino acid infusion, while another patient required 
1.8 g/kg amino acid infusion to achieve the same result.92  
Food interventions were compared to oral nutrient supplementation in 46 patients in 
two 45 day periods with a cross-over design. Nitrogen balance improved in the oral 
supplementation group and weight gain achieved was sustained over the 90 day 
follow-up period.93 Protein balance may not be enough when the goal is to 
rehabilitate lost protein stores and a positive nitrogen balance should be maintained 
until rehabilitation has occurred.  

While nutrient interventions are essential, a randomized, controlled trial 
comparing an immune-enhancing calorie-containing formula to a standard formula 
showed no significant differences in nutrition or immune cell outcomes.94 A peptide-
based formula with n-3 fatty acids was compared to a standard calorie-containing 
formula. Results showed an improved weight and fat mass in both groups with a 
significant improvement in CD4 cell counts in the peptide/n-3 fatty acid-containing 
formula.95  
 Lipodystrophy is associated with cardiovascular risk and the inability to 
appropriately store fat. A very low fat diet has been recommended in cases of 
lipodystrophy to reduce the LDL cholesterol and the availability of free fatty acids for 
depositing as fat. In addition, the authors recommended further actions to improve 
insulin resistance and lipid metabolism, such as aerobic exercise.96 
 Food records were reviewed to compare differences in diet between men who 
had developed altered fat patterns (n=47) and men without fat changes (n=47). Men 
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without altered fat consumed more calories, protein, and fiber as well as included 
resistance exercise and did not smoke.97 In a review of dietary intake and metabolic 
alterations in 85 patients, fiber, alcohol, and the consumption of polyunsaturated 
fatty acids were related to insulin resistance and hyperlipidemia. The authors 
suggested that dietary modification of these nutrients may assist to normalize 
insulin and lipid levels.98  
 
Micronutrients 
Intervention with micronutrient supplementation has been most concentrated in the 
area of mother to child transmission (MTCT). While much more research is 
warranted, several studies have concentrated on the impact of single and 
multivitamins on disease progression and survival. 
 The effect of vitamin supplementa-tion on weight gain during pregnancy was 
tested in 1075 pregnant and HIV infected women in Tanzania in four groups: 
placebo(n=234), vitamin A alone (n=239), multivitamins without vitamin A (n=237), 
and multivitamins with vitamin A (n=247). The group taking multivitamins 
containing vitamin A showed the best results with a significant weight gain (p=0.04) 
and a 29% reduced risk for low weight gain that women who received multivitamins 
alone without vitamin A. There was no effect seen in the placebo and vitamin A alone 
groups. Women in earlier stages of HIV infection fared better than those in stage II 
and higher.99  
A case study suggested that intravenous thiamine added to total parenteral nutrition 
was able to reverse an episode of ARV-inuduced (nucleoside) lactic acidosis. In 
addition to thiamine and riboflavin, an overall high-dose regimen of intravenous B 
vitamins was suggested for nucleoside-induced lactic acidosis.100 
Vitamin E was explored for its ability to enhance CD4 cell counts and to determine 
the mechanism of this enhancement. The researchers conducted a cell culture study 
with and without vitamin E to find differences. The cell cultures with vitamin E 
showed the ability to prevent cell destruction, thus increasing total numbers, while 
the cell cultures without vitamin E showed the expected CD4 cell destruction 
reducing total cell counts.101 The authors suggest further research on both vitamin E 
and retinoic acid to reduce CD4 cell death in HIV infection. Vitamin C exposure in 
cell cultures suggested that high doses may be toxic to infected T-cells thus reducing 
viral production.102 The role of antioxidants at the cellular level appears to be 
complex and varies according to antioxidant, cell line, and mechanism for reducing 
the destructive effects of HIV infection. 
 Oral supplements of vitamins C (1 g/d) and E (0.6 g/d) were tested against 
controls (n=7) for effects on AZT-induced oxidative damage to show that the oxidative 
damage is reduced significantly in patients taking the antioxidant supplements (n=5) 
for a period of one month.103 
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Recommendations Based on Current Evidence 
 
 In answer to the question about how much of each nutrient a person with HIV 
infection and co-morbidity needs, there is evidence to support three primary 
recommendations and suggestions to consider others.  
 
Calories 
Resting energy expenditure appears to be increased in most studies, however total 
energy expenditure may not be increased. This suggests an inability to downregulate 
catabolic activity in the face of a starvation response that would normally be induced, 
such as that seen in tuberculosis patients without HIV co-infection. In cases of severe 
marasmus, patients may be able to downregulate the catabolic process reflected in 
resting energy expenditure because of a significant loss in the calorie-using body cell 
mass stores. While evidence is equivocal in some cases, it generally supports an 
increase in energy requirements, particularly in cases of opportunistic infections. 
Intensive nutrition intervention may be required to achieve a balance of energy 
intake and weight stabilization in HIV infection. In a group of 54 patients not treated 
for HIV infection, progressive weight loss was reversed in 18 patients, halted in 31 
patients, and continued in 5 patients.104 This study suggested that intensive 
nutrition counseling followed by efforts to adequately feed patients at rehabilitation 
levels can stop and reverse detrimental weight losses. 
 
Protein 
 Not nearly as much investigation has been focused on protein needs. Several 
studies have established that the protein turnover rate is high and remains high in 
the face of starvation in people with HIV infection. This dysregulation appears to be 
efficient in maintaining the production of both positive and negative acute phase 
proteins. Studies of high protein oral supplements suggest the ability to achieve 
weight gain, anabolism, and weight stability. One small study quantified the amount 
of infused amino acids needed to maintain a zero or even positive nitrogen balance, 
which demonstrated that nitrogen balance can be accomplished in chronic HIV 
infection at a range from minimum needs in a healthy person of 0.6 g/kg/day up to 
1.8 g/kg/day. While the small study probably cannot represent a complete range of 
changed protein needs, this indicated that there is a potential for maintenance or 
restoration of nitrogen balance at from between the approximate DRI to 2.25 times 
the DRI or from the minimum protein maintenance level for health persons to 3.0 
times that level.  

Interestingly, while calorie levels vary between individuals, the WHO general 
recommendations for an increase of between 10%-30% for calories and the 
maintenance of protein intake at up to 15% yields between 1.5 to 2.0 or more times 
the protein Daily Recommended Intake (DRI) for adults.105 In addition, we know 
from metabolic studies in other disease states that the level of negative nitrogen 
balance is related to the level of weight loss and to fever. However, even when fever 
subsides, negative nitrogen balance may continue for several days to weeks, 
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continuing to deplete the body’s important protein stores.106 The provision of 
additional protein sources beyond that expected for healthy individuals can blunt the 
loss of body proteins during this phase of infection.107 
 While achieving nitrogen balance is desirable in cases where the body’s protein 
stores are within a normal and functional range, a higher level of protein intake may 
be necessary to achieving a positive nitrogen balance to support deposition and 
rehabilitation of protein stores, particularly in the muscle and organ tissue 
compartments.  
 
Fat and Carbohydrates 
 Beyond energy needs, fat and carbohydrate requirements have not been well 
explored. Dietary manipulations are more likely to be based on co-morbidities such as 
hyperlipidemia and diabetes. Such dietary manipulations have not been well 
explored in the context of HIV infection, but are standard clinical practice. 
 
Fiber 
 Fiber-rich diets have been recommended in HIV disease based on the presence 
of co-morbidities that may be controlled using fiber as a part of a multifactoral 
regimen that included additional dietary modulation, exercise, and (in some cases) 
medications. 
 
Micronutrients 
 Recommendations for micronutrient intake in HIV infection remain at 
approximately the DRI levels. However, just as for other nutrients, co-morbidities 
should be considered. For instance, the presence of diarrhea may require 
replacement of several lost micronutrients including zinc and electrolytes. General 
recommendations suggest obtaining micronutrients from food as the most efficient 
source. However, in resource-limited settings where micronutrient-rich foods may be 
seasonal, the addition of a well-rounded micronutrient supplement that contains 
vitamin A is advised and may slow disease progression. 
 
Summary 
 
Much more investigation is required to contribute to the body of literature that will 
be used to make recommendations regarding the nutritional management of people 
living with HIV infection and AIDS. Specific questions that remain unanswered 
include:  What are the range of features that may affect nutritional status 
maintenance and rehabilitation that characterize HIV-infected populations? Should 
guidelines and policies be based on meeting the needs of the extremes of the range or 
on the most common features? If guidelines are based on the least common 
denominator of the asymptomatic and generally healthy person with a very low viral 
load, high CD4 cell counts, and with no risk for co-morbidities, what percentage of 
the population will be undertreated or ineligible for appropriate nutrition 
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interventions and the least of all possible requirements, what will the impact on the 
efficacy of feeding or other nutrition-related programming be?  
 
Evidence-Based Practice Q&A 
 
3-1. What nutrition-related issues have been documented in children and adults with 
HIV infection? 
3-2. What metabolic disorders that affect nutritional status maintenance have been 
documented in HIV infection? 
3-3. What nutrition-related interventions have been explored and what is the 
potential for successful treatment of nutrition-related disorders in HIV infection? 
3-4. What nutrient-based recommendations have been made and what 
documentation supports recommendations? 
3-5. What are reasonable nutrient-based prevention and treatment strategies in 
resource limited settings?
resource-limited settings?
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Chapter 4: Maternal-Child Nutrition in HIV Infection 
 
Abstract 
HIV infection can initiate or exacerbate under-nutrition and can significantly 
impact pregnancy and maternal/child health outcomes. Maternal nutrition 
status affects fetal and child growth, the ability to breastfeed, and maternal 
and child survival. Both macronutrition and micronutrition are important 
features of evaluation and treatment in nutritional programs. Protein energy 
malnutrition can suppress immune function and protection, which feeds the 
downward spiral of disease progression, health decline, and mortality. 
Micronutrient malnutrition can limit the ability of the body to utilize energy 
and protein sources. Of particular interest in women and children are the 
problems with anemias, including iron or folate deficiency, anemia of chronic 
disease, and the initiation of anemias through bouts of infection with 
parasites and malaria. Both prevention and treatment strategies for 
resolving macronutrient and micronutrient under-nutrition should be 
included as primary interventions in maternal and child care and especially 
in persons exposed to HIV infection.  
 
Background 
 
 The interactions between HIV infection, nutrition, and maternal and 
child health are complex and ultimately cause declines in health and 
survival. Nutrient deficits of virtually any kind, including macronutrients 
and micronutrients, can result in immune deficits and result in infection and 
a higher risk of mortality.  

Nutritional status of women can have a strong impact on pregnancy 
outcomes and the subsequent health and survival of children, even before 
pregnancy begins.108 Malnutrition and infection during pregnancy can result 
in a low birth weight, which can lead to a number of health problems in 
infants and children.109 Chronic malnutrition can alter both prenatal and 
postnatal development of the immune system and may cause long-term and 
difficult to reverse effects on immune response to infection and other 
challenges.110 

Challenges in resource-limited settings and environmental issues 
require tailored solutions within each community, family, and individual to 
improve the benefit and reduce the risk or detriment to each intervention 
considered. 

Prevention of maternal to child transmission (MTCT) plays a large role 
in the development of guidelines and programs to address nutritional 
adequacy during pregnancy, lactation, and infant/child feeding. Several 
guidelines address special feeding issues for HIV-infected women and their 
children.111 112 113 In general populations, breastfeeding is considered a 
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benefit in several ways, including the reduction of mortality rates of infants. 
Avoidance of breastfeeding by HIV-infected mothers significantly reduces the 
risk for transmission of HIV infection to their child.114 Limitations to the 
ability to feed infants with breast milk substitutes include accessibility, 
affordability, stigma, and the potential for higher risk mixed feeding. 
Guidelines for women in resource-limited settings who may experience these 
problems generally suggest exclusive breastfeeding with early cessation with 
a quick transfer to formula or other feeding. The rational is that though 
breastfeeding can expose the child of a mother who is HIV-infected, most 
infants will not seroconvert to HIV-positive and may be safer and confer more 
protection to the child’s health than the use of mixed feeding or breast milk 
substitutes that may not be as safely prepared.115 In addition, antiretroviral 
(ARV) medications may be provided during breastfeeding to lower viral load 
in breast milk and provide short-term sustained protection to the child 
against seroconversion.  

There may be considerable confusion by health care professionals, 
counselors, and women who must make choices about recommendations for 
pregnancy, lactation, and child feeding that may differ from non-infected 
persons. Tailored recommendations have been suggested for population 
subsets according to current practices and guidelines than may vary. 
However, this process to consider and tailor guidelines, educate those who 
impact choices, and put appropriate materials into practice may take sizeable 
effort. Outcomes of such efforts should be documented and shared with other 
programs seeking to benefit women and children with HIV infection. 
 
Literature Review 
 
Pregnancy 

 Pregnancy requires additional nutrients in order to support 
maternal health and fetal growth. Additional calories, protein, and several 
micronutrients are needed. Each stage of pregnancy is crucial to both ongoing 
and future physical and mental development in children. General 
recommendations to maintain nutritional stores, overcome deficiency, and 
promote appropriate growth and development for the fetus and child have 
been used for pregnant and lactating women that are living with HIV 
infection.  

Nutritional status before, during, and after pregnancy has a significant 
impact on the health of both mother and child. The impact of macronutrient 
and micronutrient adequacy on pregnancy outcomes is fairly well 
understood.116 In a study of 467 HIV-infected women and their children, body 
mass index and vitamin A status of the mother were associated with low 
birth weight and a shorter length at birth and subsequent growth failure.117 
Anemias associated with deficiency and chronic disease are challenging for 
evaluation and intervention during pregnancy. Iron and folate-rich foods are 
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important in the prevention and treatment of this serious threat that may be 
responsible for up to 20% of maternal deaths in Western Africa.118  

There is ongoing debate about the value of micronutrient 
supplementation in resource-limited settings for pregnancy outcomes and 
disease progression in children and pregnant mothers.119 Clear evidence-
based recommendations for nutrient supplementation may not be available at 
this time.120 There are a number of investigations that have been suggestive 
of a role for micronutrients in achieving optimal outcomes and guidelines 
generally suggest nutrient adequacy as a goal.  
Nutrient toxicity and additional nutrient deficiency are possibilities when 
single nutrients are supplemented.  

Some investigation has suggested supplementation of micronutrients 
to improve child survival in cases of HIV-infection, immune impairment, and 
nutritional compromise in pregnant and lactating women.121 A clinical trial 
designed to demonstrate the potential effect of multi-micronutrient 
supplementation beyond the usual iron and folate provision on child length 
and birth weight suggested that micronutrients may not significantly affect 
outcomes.122 This may require additional scrutiny because of the potential 
effect of maternal nutrition on childhood health. Though vitamin A 
supplementation does not appear to significantly affect MTCT, it is apparent 
that there is potential for general pregnancy outcomes improvement.123 Zinc 
is important to immune function and can easily be depleted by chronic 
diarrhea. In such cases or other cases of deficiency, efforts with special 
attention to assuring the rehabilitation of zinc status may result in reduction 
in risk for infectious disease and mortality.124  
   
Breastfeeding/Weaning 
 It is estimated that without antiretroviral medication treatment 
approximately 30% of children may become perinatally infected with 5% 
occurring during pregnancy, 15% during birth, and 10% during breastfeeding 
periods. On the African continent, rates of transmission were estimated at 
25-45%.125 Weight loss during pregnancy can increase the transmission 
rates.126 Putting current knowledge about prevention and treatment into 
practice could prevent MTCT more than 95% of the time.127 Yet, in 2002 
there were 800,000 new infant HIV infections, 90% of which occurred in sub-
Saharan Africa. It is estimated that more than 10 million deaths have 
occurred in children under the age of five years. While alternatives to 
breastfeeding, such as infant formulas, are generally recommended for infant 
feeding by HIV-infected mothers, it is difficult to accomplish in resource-
limited settings for many reasons.  

WHO guidelines suggest that exclusive breastfeeding may be an 
appropriate choice for mothers when the alternatives are not affordable, 
feasible, accessible, sustainable, and safe (referred to as AFASS).128 While 
this guideline has been used to determine the appropriateness of the 
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introduction of breastmilk substitutes, the problems faced by mothers in 
choosing to abruptly wean their children remains a challenge beyond the 
recommended exclusive breastfeeding period. Approximately 1.5 million of 
HIV-related deaths in children under five years old may be associated with 
inappropriate breastfeeding practices. The choices are complicated by 
economic, social, and other medical factors, such as maternal health.129 130 

In a retrospective review of data from multicenter studies on 9424 
infants and mothers, both exclusive and partial breastfeeding practices 
appeared to confer protections.131 In this cohort study, diarrheal illness and 
lower respiratory infections were predictive of death and hospital admission. 
The authors recommended keeping predominant breastfeeding as an option 
rather than shifting to exclusive breastfeeding because both methods 
appeared to confer similar benefits. However, this recommendation does not 
take into consideration the potential effect of maternal HIV infection.  

Prevention of MTCT (pMTCT) programs have sought solutions to 
making sure that appropriate and informed decisions are made by the mother 
about infant feeding options. Choices to breastfeed or use replacement 
feeding for newborns of mothers with HIV infection are guided by many 
factors, including cultural traditions, health or other beliefs, social stigma, 
resources, and maternal or family preferences. Because stigma and the 
potential for repercussions surrounding HIV disclosure, it was thought that 
couples counseling could reduce the risk for adverse social events. However, a 
study of the effectiveness of such an approach suggested that disclosure 
remains an important and stigmatized issue. In this study even though 
women were more likely to accept HIV testing when they were involved in 
couples counseling, their use of prophylactic medications to prevent 
transmission to their child and adverse social events were the same as 
women who were individually counseled in the antenatal setting.132 

Treatment for maternal HIV infection to reduce viral load and improve 
CD4 immune cell counts can reduce the risk for MTCT significantly. Because 
viral load immediately after infection tends to be its highest, it is also the 
point of highest risk for MTCT. This means that HIV-negative mothers 
should be counseled on prevention for HIV infection during the perinatal 
period. 

The general guidelines for informed choices on infant feeding have 
been evaluated in various settings. In India feeding practices were 
documented and found that there are a complex set of issues that face women 
who need to make such informed decisions. Site-specific information and 
evidence was recommended to tailor the guidelines to better meet the needs 
of local populations while reducing mortality risk for infants.133 Exclusive 
breastfeeding, mixed feeding, and formula feeding were compared in 306 
infants in Uganda and found a significantly higher risk of transmission for 
breast and mixed feeding. In this study, the first few weeks of life were a 
pivotal period for the transmission of HIV to infants via breastmilk.134 Mixed 
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and exclusive breastfeeding appeared to have similar transmission rates. In 
South Africa, fewer pathologic events occurred when women appropriately 
breastfed their children for six months.135 

Risk for transferring HIV infection increases for several reasons, 
including longer duration of breastfeeding, mixed feeding, maternal mastitis, 
cracked and bleeding nipples, abscesses and other causes of breast 
inflammation, oral lesions in the infant, gut permeability and inflammation 
in the infant, or new maternal HIV infection during breastfeeding stages.136 
Mastitis can remain subclinical and not readily detected in women who 
breastfeed. In Malawi, 250 women showed that over a period of 12 months 
postpartum more than 27% had at least one episode of subclinical infectious 
or non-infectious mastitis.137  

Considering the high risk for death with malnutrition and respiratory 
infections related to malnutrition and HIV infection, infants who are 
provided with prophylaxis for such complications may benefit from 
medications that can prevent infectious complications.138 However, a risk vs. 
benefit evaluation of such interventions should be undertaken because they 
may also be associated with an increase in the incidence of diarrhea, another 
contributor to malnutrition and mortality. 

Maternal health issues may be lost in the context of breastfeeding, 
where the welfare of the child is a primary consideration. However, maternal 
health and perceptions of health can influence these practices. In Malawi a 
small group of women were asked about their perceptions of health and body 
shape. In this group of 22 HIV-infected women a larger body shape and 
fatness was perceived as a sign of health where a smaller body shape was 
perceived as a sign of disease.139 In exploring two different scenarios where 
an HIV-infected woman may breastfeed, it was their perception that 
breastfeeding promotes the progression of disease in the mother. 

Current recommendations that can be tailored to meet the needs and 
preferences of the mother and child include the following key strategies: 

• Exclusive breastfeeding 
• Optimal techniques to avoid cracked nipples, milk stasis, and 

mastitis 
• Prompt treatment of breast problems 
• Safe sex practices during breastfeeding period 
• Nutrition support for the breastfeeding mother 
• ARV access for women who require it 
Special care should be taken to consider the link between maternal 

and child health in designing programs and providing care to HIV-infected 
women of child-bearing age. Adequate preparation and support is important 
to allow women to breastfeed according to their informed choice. 
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Child Nutrition 
HIV infection is a strong risk factor and predictor of survival in 

children. The challenge of child nutrition is adequacy for growth and 
development. Children who are HIV-infected are at a higher risk for 
malnutrition and associated infections. There are three basic types of 
malnutrition, including weight for age, height for age, and weight for height, 
which are indicators for under-nutrition, stunting, and wasting. Early in 
childhood all of these categories of nutritional status require adequate 
calories, and height additionally requires adequate protein. By the age of 24 
months, height growth deficits should be addressed and corrected. After that 
age, height deficits are likely to be irreversible.  

In Tanzania a study of 687 children with 90 deaths suggested that the 
preventable problems of stunting, low mid-upper arm circumference, anemia, 
and lack of household access to an adequate water supply were related to 
mortality. In this prospective cohort HIV infection was a stronger predictor of 
death when wasting was present in children.140 
 An important feature of nutritional management in HIV infection or 
perinatal exposure to HIV is the close attention to gastrointestinal disorders 
that can quickly deplete body stores in children.141 The gastrointestinal tract 
is one of the targets of HIV infection by causing immune suppression -- 
leaving the gut open to infection and by altering absorptive capacity of the 
gut and supporting liver and pancreas functions. Simultaneous treatment for 
HIV, gastrointestinal infections, and nutritional rehabilitation are 
required.142 
 Respiratory illness and diarrhea are common features of  
HIV infection during childhood. A strong predictor for these problems is the 
level of protein-energy malnutrition. While prophylaxis for respiratory illness 
is important for children at risk due to a depleted immune system, 
nutritional improvement is an essential feature of successful prevention and 
treatment.143 

Anemia of chronic disease is a prominent feature of chronic HIV 
infection and is associated with disease status.144 This may be exacerbated by 
the existence of iron-deficiency anemia that is common in both developing 
and developed countries in children and pregnant/lactating women. A well-
rounded diet is required for adequate iron absorption and utilization. A 
controlled trial of 697 pregnant women with HIV infection suggested that the 
addition of vitamin A supplements to iron and folate supplementation could 
improve pregnancy outcomes and reduce infant anemia.145 

Nutrient intervention with iron supplementation requires special 
caution146 147 and may be most safely accomplished by emphasizing adequate 
and bioavailable iron sources in the diet. However, risk vs. benefit analyses 
must be considered in tailoring an appropriate response in a given population 
or person.148 
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Several studies of nutrient interventions were undertaken. In one study that 
emphasized macronutrient supplementation and weight gain in HIV-infected 
children who were malnourished at baseline.149 This study suggested that 
weight gain to an appropriate weight for height was possible through 
supplementation of macronutrients as a part of home-based intervention 
after discharge from the hospital. Another study on nutrition support with 
elemental diet based on amino acids was compared to an intact protein-based 
diet in rehabilitating nutritional status and health in 106 HIV-infected 
children and 90 HIV-negative children to find that the elemental diet 
resulted in an improvement in diarrhea and is the likely reason for 
subsequent improvement in recovery, including improved hemoglobin levels 
and weight gain.150 In addition, micronutrient studies suggest a benefit for 
reversing nutrient deficits early in HIV infection and as a low cost adjunctive 
therapy to support other management strategies.151 152 153  
 Both macronutrients and micronutrients should be provided, 
consumed, and absorbed adequately to work well. Prevention of nutritional 
compromise is an important strategy for child nutrition because of the 
difficulty in reversing the signs of chronic malnutrition that commonly occur 
in children exposed to HIV infection. Symptom management, prevention and 
timely treatment for opportunistic and other infections, and adequate 
treatment when it is appropriate for HIV infection will be essential features 
to maintain adequate nutritional status, including growth and development, 
in children who are exposed to HIV infection. 
 
Integrating Interventions 
 Nutritional status defines the ability of the body to maintain normal 
function and composition. Under-nutrition, including protein-energy 
malnutrition and micronutrient deficiencies, can increase risk for infection 
and other detrimental events, such as diarrhea and wasting.154  Because this 
relationship is well documented, it is important to integrate nutritional 
rehabilitation and maintenance efforts to support medical, social, and 
economic programs that seek to address such diseases as chronic HIV 
infection.  

Malnutrition and its risks to survival and illness can be diminished 
with appropriate intervention in HIV infection for both mothers and children. 
There is a gap between developed and developing countries in the 
implementation of programs to improve child health that has long been 
recognized.155 HIV care requires multifaceted interventions that integrate 
nutritional strategies to support health, improve survival, and diminish the 
effects of disease, including the potential for MTCT.  

Tailoring assessment and intervention strategies to community 
response to HIV/AIDS can support local efforts. With a growing orphaned 
population in Malawi, several categories of responses were determined with a 
preference for community-based care that allows orphans to maintain a 
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family and tribal connection that would not be available in institutional 
models.156 Such integrated care is likely to take into considerations the social, 
economic, and medical aspects of the disease as well as nutrition.157 
 Infection, including HIV infection, can cause a loss of appetite and 
changes in food tolerances. Although inadequate macronutrient and 
micronutrient intake are often features before clinical malnutrition is 
apparent, such early deficiencies can compromise immune function 
development in children and set up a vicious cycle of decline that is difficult 
to break. General health programs aimed at pregnant or lactating women 
and their children should take into account nutritional stability. Additional 
special care is required to tailor interventions to the food-related needs of 
growing children to slow disease progression, delay antiretroviral therapies, 
and increase survival with and without anti-HIV treatment.158  

Long-term survival with chronic HIV infection, particularly with the 
use of ARVs, is not trouble-free. There is some evidence that with depleted 
immune systems immune restoration is incomplete, which continues to 
manifest in events related to impaired immune function.159  

Some trials have demonstrated a restorative effect of macronutrients 
and micronutrients to overall body functions. It has been suggested that 
prevention efforts and nutritional status rehabilitation and maintenance will 
be important features of a carefully implemented program to manage chronic 
HIV infection.160 
 
Summary 
 
 General advice for maintaining nutritional status and health of women 
and children exposed to HIV infection are similar to other guidelines, with 
the exception of tailored responses that are required to meet the needs of 
intermittent and chronic illnesses.  

Pregnant women need additional support to assure that they are 
adequately treated for HIV, opportunistic or other infections, and nutrition-
related problems to assure that their newborn is as healthy as possible. 
Breastfeeding choices are complicated and confusing to many women who are 
asked to carefully weigh the issues in order to choose the best and most 
workable method for their child and self. Additional evidence is also required 
to further define risks and benefits or various breastfeeding options.  

Nutrition for children who are HIV-infected or perinatally exposed to 
HIV infection is a primary therapy for health maintenance and recovery from 
adverse medical events. Antiretroviral therapy adds another area of concern 
onto the already complicated picture for mothers, infants, and children. 
Careful tailoring of guidelines and other recommendations according to 
individual needs is most likely to yield successful interventions. 
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Evidence-Based Practice Q&A 
 
4-1. What preventable and nutrition-related risk factors have been 
documented in maternal health and HIV infection? 
4-2. What consequences to child health may be addressed through which 
interventions to improve maternal nutrition? 
4-3. What is the impact of breastfeeding modalities on the transmission of 
HIV infection? 
4-4. What interventions have been documented in the prevention and 
restoration of nutrition-related problems in children with perinatal HIV 
infection or born of HIV-infected mothers? 
4-5. What challenges to the implementation of interventions have been 
documented? 
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Chapter 5: Lifecycle Nutrition Considerations in HIV Infection 
 
Abstract 
HIV infection is an important public health, development, economic, and 
political issue around the world affecting people of all age groups. Variations 
in nutritional challenges and needs throughout the lifecycle can be intensified 
by the presence of chronic HIV infection or even the exposure to HIV in 
children of HIV-infected mothers. The complex array of body balances are 
altered by HIV infection and can lead to such problems as failure to thrive, 
delayed puberty, and episodes of malnutrition. In addition, long-term 
survival and treatment of HIV infection is related to a number of additional 
diseases that are commonly associated with aging and obesity. Lifecycle stage 
should be considered in the development of guidelines and programs that 
address HIV disease management and nutrition.  
 
Background 

 
New HIV infections estimated in 2001 included approximately 16% 

under the age of 15, 42% in the 15-24 year old age group, and 42% in 25-49 
year olds.  

Each phase of the lifecycle presents challenges to nutritional status. 
Growth and development during infancy through early adulthood requires 
additional calories, protein, and selected micronutrients to accomplish in the 
face of chronic HIV infection. Maintenance of body tissues and function 
during adulthood may require careful disease management, including 
symptom management, assurance of food access, and close monitoring for 
nutrition-related complications. Prevention and treatment of co-existing 
conditions and additional chronic disease is especially important in HIV-
infected persons. Chronic inflammatory response, as seen in HIV infection, 
can accelerate or exacerbate conditions often associated with aging, such as 
cardiovascular diseases, insulin resistance and diabetes, and 
osteopenia/osteoporosis. Ongoing medical care access will be important to 
improve health outcomes at all lifecycle stages with HIV infection. 
 
Literature Review 
 
Infancy and Childhood 
 Feeding options vary according to resources available to mothers or 
other caregivers faced with the decisions. Recommendations in developed 
countries state that women who are HIV-infected should not breastfeed their 
offspring.161 The World Health Organization presents recommendations for 
developing countries where the use of infant formulas may not be feasible.162 
The South African guidelines for breastfeeding by HIV-infected mothers 
suggests that formula feeding requires that adequate formula (about 20 kg) 
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should be continuously available and accessible by the parent or care giver 
during the first six months, sanitation capability and a clean water supply 
should be present, knowledge and skills for preparation and feeding of 
formula is assured, and health services and monitoring for the child is 
accessed.163  Education and informed choices are key features in the 
successful implementation of guidelines. The Centers for Disease Control and 
Prevention (CDC) offers a training module that allows for varying guidelines 
to be inserted.164  
 While there is little data on the impact of micronutrients in children 
who are HIV infected, vitamin A supplementation was recommended to 
reduce morbidity and mortality with or without HIV infection.165 
 Manifestations of HIV infection in children include oral thrush 
(candidiasis), tuberculosis, recurrent respiratory infections, bacterial skin 
infections and dermatitis, and chronic diarrhea.166 Each of these conditions 
increases risk for malnutrition. In South Africa the WHO clinical case 
definition was tested in pediatric patients to discriminate between HIV 
infection and HIV-negative children. Manifestations more commonly seen in 
children with HIV infection included marasmus, hepatosplenomegaly, oral 
thrush, and generalized lymphadenopathy.167 
 In developing countries where tuberculosis is a significant threat, 
children born to HIV-infected mothers are more often exposed to tuberculosis. 
Children with HIV infection and tuberculosis were younger, more 
underweight, and were six times more likely to die than their HIV-negative 
counterparts in a study of children in Ethiopia.168 The strongest predictor of 
outcome in this group was weight for age. 
 
Adolescence 
 Both childhood and adolescent periods are particularly vulnerable to 
HIV infection due to social and economic vulnerability and dependency. 
Information targeting young people has addressed issues in developed and 
developing countries.169 170 

During adolescence sexual development is an important part of general 
growth. Hormonal alterations that support this development can be altered 
by both malnutrition and by chronic HIV infection and its associated 
treatments. Immunosuppression has been related to a delay in sexual 
development for perinatally infected children.171 Disclosure of HIV status to 
the adolescent is an important step in supporting self care.  
 Dietary intake is particularly important to maintain an appropriate 
body weight and composition. Poor diet choices and intake can lead to both 
under-nutrition and over-nutrition. In the United States, HIV-infected 
adolescents and young adults were surveyed for their eating habits and 
measured for body mass index.172 Results suggested that obesity was common 
with a prevalence of nearly 52%. Factors associated with overweight or 
obesity included being a woman, the number of hours of television watched 
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(marker of sedentary habits), and previous dieting. Poor diet habits were 
associated with television watching. These results are similar for non-
infected youth and suggest that education and other forms of improving diet 
and activity will be important to health in adolescents who are HIV-infected. 
This same group of researchers found that dietary choices were poor in this 
group for micronutrients that are associated with immune function, 
suggesting the need for diet education and intervention to improve the 
quality of food intake.173 

Complications of chronic disease and treatments are apparent in 
children and adolescents. A review of data on 1812 children between the ages 
of 4 and 19 years old with HIV infection showed a 13% prevalence of 
hypercholesterolemia compared with less than 5% prevalence in uninfected 
children. The strongest predictor of this cardiovascular disease risk was the 
use of protease inhibitor antiretroviral medications.174  
 
Adulthood 
 Most of the exploration of altered metabolic processes has been done in 
adults. Dietary interventions have been investigated for their effect on 
complications of disease and treatment. 

A small study of asymptomatic HIV-infected men compared to controls 
showed that while body mass index was not different between the two 
groups, HIV-infected men at more, had higher protein breakdown and 
synthesis, and a higher resting energy expenditure (which was related to 
protein breakdown). The effect of eating more during asymptomatic phases of 
HIV infection where protein breakdown and synthesis rates are higher 
appears to assist in maintenance of body weight and body composition.175 
This finding makes a case for prevention of detrimental alterations to 
nutrition and health status by ensuring adequate food intake even during 
infections when cytokine levels can lead to a loss of appetite. 

AIDS-defining illnesses increase the risk for nutritional compromise in 
the form of wasting. Episodes of wasting and recovery of body weight closely 
follow opportunistic infection events.176 Prevention of opportunistic diseases 
then becomes an important prevention and therapeutic option to maintain 
and improve nutritional status. 

Changes in the body’s response to calories and specific nutrients may 
change body functions and other aspects of health. In a study of 25 HIV-
infected patients, a calorie load yielded higher insulin and triglyceride 
levels.177 Elevated insulin levels can lead to altered fat deposits in patients 
with treated and even those who were untreated chronic HIV infection. High-
fiber diets appear to be protective against this effect.178 

Chronic inflammatory disease can lead to oxidative stress and cell 
damage that is associated with wasting and changes in body defense 
mechanisms. In one study to determine the impact of dietary counseling, 
recommendations were made to 40 patients to improve food sources of 
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micronutrients. Improved antioxidant status and micronutrient intake was 
seen in this group.179 

Micronutrient status and the ability to recover and maintain status 
can be altered by treatments for HIV infection. For instance, in untreated 
HIV infection, small increases in serum B12 could be realized with additional 
dietary intake. However, with the addition of protease inhibitor drugs, it 
appears that the improvement is blunted with improved intake of vitamin 
B12.180 
 
Older Age 
 The population of HIV-infected adults is aging.181 It appears that a 
number of the complications of chronic HIV infection have much in common 
with aging and can accelerate or otherwise exacerbate this process.182 
Changes that are related to both aging and chronic HIV infection and its 
treatments include elevated risk for cardiovascular and related diseases, 
diabetes and insulin resistance, and bone mineral losses. In addition, aging 
men and women experience changes in sex hormone levels and production 
that drive additional health risk markers and body composition changes, 
such as the loss of muscle tissues and strength. Treatment for any of the 
complications commonly seen in aging should take into consideration HIV 
status and potential interactions with disease and its associated treatments.  
 Immunodeficiency in the elderly is commonly caused by malnutrition. 
The overlay of HIV infection complicates this picture and may make 
treatment difficult in this population, particularly in developing countries.183 
 
Summary 
 
 HIV infection and its related treatments present a challenge to the 
maintenance and restoration of sound nutritional status. Lifecycle changes 
present an additional subset of challenges including growth and development 
in infants and children, maintenance in adults as well as the elderly. 
Evaluation and recommendations are included in the guidelines that have 
been developed for the management of HIV disease in many countries around 
the world.  
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Chapter 6: Integrating Nutrition into HIV Prevention, Care, and 
Treatment Efforts 
 
Abstract 
Concern and knowledge about the interactions between nutrition and disease 
must be applied to programs addressing HIV disease management. Various 
forms of programs, pilot projects, and other intervention strategies have been 
implemented and tested. Assessment that may include an inventory of 
existing resources, environmental issues, food security, medical conditions, 
and other issues is the foundation for building a tailored and structured plan 
of intervention. Success stories should move beyond case studies and provide 
an evaluation of data to support the case that nutritional interventions have 
an important impact on health and survival outcomes in people living with 
HIV/AIDS. 
 
Background 
 
 The link between nutrition and disease, nutrition, and overall health 
maintenance has been intently explored for more than 65 years. The impact 
of nutritional status maintenance and nutrient therapy has been documented 
widely since the early 1960s.184 185 186 187 188 189 190 Yet, in the case of HIV 
infection, it was necessary to restate and re-explore the features of nutrition 
and its impact on this disease in particular to establish a clear need to 
develop strategies for intervention.191 192 193 For instance, it is well-known 
that the severity of infection will yield a negative protein balance.194 Yet, 
little research to determine the impact of nutrient intervention to shore up 
the balance of protein has been completed aside from a contribution to weight 
gains. 
 After becoming well-accepted in clinical settings where HIV-related 
specialties have been developed by health care professionals, the role of 
nutrition and the value of nutrition-related intervention have been explored 
in the international and public health arenas. The development of programs 
with a medical focus within a setting that traditionally addressed food 
security without a medical focus has been challenging.195 196  
 There are still many social issues surrounding HIV infection that 
contribute to under-nutrition and mortality, such as orphaned children. In 
2001 there were an estimated 14 million children who were orphaned (when 
mother or both parents died) by HIV-related complications and death. Local, 
regional, and international responses must include strategies to integrate 
medical nutrition therapy and general food security into their programs in 
order to improve coping mechanisms.197 

Programs seek to positively impact social and health outcomes through 
addressing factors that impact these issues. To accomplish this, assessment 
of needs and assets are required. This assessment will assist in tailoring 
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general guidelines for integration into social, developmental, and medical 
programs. General needs assessment and other ways to assess specific 
nutrition issues may include surveys and measures to not only determine 
problem areas, but also to determine the reasons behind expected and 
unexpected successes in coping with adverse conditions and disease.198 
Because HIV disease adversely affects nutritional status in complex ways, 
care to integrate nutritional management into overall health care plans and 
goals by qualified and trained personnel is an essential feature to better 
assure positive outcomes in integrated programs.199 New ways of thinking are 
slowly integrating clinical care with humanitarian and development 
programs with hopes of better addressing the global HIV pandemic.  

In addition, with the advent of highly active antiretroviral therapies, 
long-term survivors have experienced an acceleration of diseases commonly 
associated with aging and lifestyle choices, such as smoking, drinking, and 
diet. Interventions for these complications require special attention to other 
aspects of disease management to safely and appropriately integrate 
counseling and other intervention measures. Interventions to support 
nutritional status maintenance may include dietary modulations and other 
forms of medical nutrition therapy as well as adjunctive therapies such as 
exercise, smoking cessation, anabolic medications, and medications or other 
strategies to reduce the risk for cardiovascular diseases, bone mineral losses, 
and insulin resistance. 
 
Literature Review 
 
Education Interventions 
 Education on how to make appropriate infant feeding choices is an 
important feature of prevention of maternal-to-child transmission (pMTCT) 
programs. Women who do not know their HIV status may not be able to make 
the appropriate and informed decisions necessary for feeding their infant, 
which may result in increased child mortality. In a study of feeding practices 
in 116 Zimbabwean women, HIV-infected women who did not know their HIV 
status made inappropriate feeding decisions, such as introducing 
complementary foods and weaning their babies earlier, resulting in 
underfeeding.200 The women who were HIV-infected in this study reported 
more previous child deaths than mothers who were HIV-negative.  

Because breastfeeding is probably the most viable option for infant 
feeding by HIV-infected mothers in resource-limited settings, a Safer 
Breastfeeding Programme was introduced in KwaZulu-Natal in South Africa 
where risk factors were individually determined and addressed with 
counseling.201 Mothers in this program were taught how to heat treat 
expressed breastmilk in order to reduce vertical transmission risk. However, 
the heat-treatment option was met with limited success during the first six-
month period. Authors of this report suggested that heat treatment may be a 
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better option after the first six months of exclusive breastfeeding and that 
better promotion is needed to make this safer feeding option viable for many 
women. 
 The ZVITAMBO Project in Harare, Zimbabwe works to support 
pMTCT activities in rural mission hospitals through HIV counseling and 
testing, antenatal and infant feeding education, prophylactic use of 
medication to prevent HIV transmission and other infections, and 
micronutrient supplementation. In this project, education and counseling 
were provided on prevention of breast-feeding-related MTCT. Compared to 
mothers who were not enrolled in the new program, these mothers were more 
than eight times more likely to exclusively breast feed and overall knowledge 
improved with expanding exposure to the program.202 Because of the 
complexity of pMTCT and infant feeding choices, it has been recommended 
that appropriately trained personnel should deliver the education and 
counseling services that support informed choice and tailored 
recommendations.203 
 The HIV PRO-SELF Program has been used to improve patient 
education and self-care behaviors. Behavioral intervention to delay 
recurrences of candidiasis through the improvement of oral hygiene 
behaviors suggested that regular instruction on self-care behaviors may be 
able to affect medical events.204 This type of program has also been put into 
place for other aspects of HIV-related care, such as pain, and has the 
potential to improve health outcomes and reduce health care costs. The 
Positive Self-Management Program in San Diego uses a weekly meeting 
format for seven sessions to learn self-management of many aspects of health 
and HIV care, including nutrition. The program was seen to be acceptable 
and useful as a technique to improve health care outcomes, such as the 
severity of symptoms and health-related behaviors.205 206 
 
Feeding Interventions: General 
 Direct feeding programs and medical nutrition therapeutic products 
have been used to improve nutritional and general health in populations 
impacted by HIV/AIDS. Evaluations of populations that demonstrate 
inadequate nutrient intake or other nutrition-related problems within any 
setting may benefit from the addition of nutrition-related services and 
products.207 208 Counseling has been combined with nutrient-based 
interventions, suggesting that for weight gain goals, a combination of 
approaches may be most appropriate. In Spain, dietary counseling was pitted 
against counseling and nutritional supplementation with a standard 
polymeric formula to find that formula use was more associated with weight 
gain than counseling.209 In Germany, oral supplements and counseling 
yielded positive results. The authors in this study suggested that oral 
formulas may partially replace food intake, but that the ability to adhere to a 
weight gain regimen may be improved with supplementation.210 Another 
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study compared nutrition counseling alone with nutrition counseling plus 
supplementation with a medical nutritional supplement to find that both 
groups were able to achieve an increased nutrient intake in about half of the 
participants.211  

Nutrition education and intervention programs were integrated into 
community programs by dietitians in New York where food consumption and 
medical nutrition supplemental products were introduced. This program 
suggested that participants could achieve thenutritional goal of improving 
nutrient intake and recovering weight in the face of increased nutritional 
needs.212 

Various types of medical nutrition products may be employed 
depending upon the needs and resources available. In a multicenter trial, 
standard polymeric formulas were compared with an immune-enhancing 
formula and a control group receiving no supplemental nutrients. In this 
study, participants were able to achieve similar improvements in weight, 
body composition, nutrient intake, and laboratory values regardless of the 
type or addition of nutrient formulas to nutrition counseling.213  

Further specialized formulas were investigated in a trial of an omega-3 
fatty acid and peptide-containing supplement versus a standard polymeric 
formula. Both groups were able to improve their weight and the special 
formulation appeared to improve CD4 count after three months of 
intervention.214 

Long-term survivors may experience altered metabolic responses that 
increase risk for insulin resistance and diabetes, cardiovascular diseases and 
hypertension, and other co-existing disease. Dietary modulations may include 
efforts to control blood glucose, insulin response, blood lipids, and 
inflammatory processes.215 216 In addition, physical changes that may result 
from insulin resistance and other metabolic changes may benefit from dietary 
intervention.217 Obesity, specifically central obesity, is becoming a significant 
health problem for people with long-term treated HIV infection. Dietary 
interventions have been recommended to prevent and treat obesity and 
related health problems.218 
 
Feeding Interventions: Nutrient-Specific  
 Several nutrient alterations have been seen in HIV infection, as with 
other infectious diseases. Alterations in macronutrient and micronutrient 
intake, absorption, utilization, and excretion are seen in chronic HIV 
infection. Efforts to more specifically address the alterations have included 
the pharmacologic use of nutrients as therapeutic agents beyond the 
restoration of adequate intake.  
 Food-related intake was explored to find that diets high in protein-rich 
animal foods appeared to blunt the decline in body proteins as compared to a 
carbohydrate-rich diet of mostly staple foods, such as maize.219 Research on 
vitamins and minerals for levels in the body, adequacy in the diet, and the 
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potential benefit for supplementation has been conflicting and even 
confusing.220 221 

Vitamin A has received attention for its role in maternal and child 
health maintenance. Based on trials of vitamin A supplementation yielding a 
decrease in mortality and morbidity, recommendations have been made to 
integrate vitamin A into clinical care programs for children.222 Vitamin A 
research, in particular, was highly conflicting. A recent study implicated 
vitamin A in potentially increasing risk of MTCT when compared with a 
multivitamin/mineral supplement. Previous research suggested the need for 
vitamin A supplementation to prevent transmission.223 224 

Metabolic derangements seen in long-term survivors with chronic HIV 
infection may require additional attention to nutrition-related care. Oxidative 
stress, which is the depletion of antioxidants by the body’s overproduction of 
pro-oxidants, has been associated with the wasting process. Wasting of both 
weight and body cell mass (muscles and organ tissues) are of primary concern 
because of the association of this type of tissue with survival.  

Pharmaceutical interventions to improve weight and body cell mass 
have included general calories, protein, amino acids, vitamins, minerals, and 
other substances have been investigated. Because of the adverse effect of 
chronic infection on antioxidant status and wasting, glutamine and 
antioxidant therapy was tested to determine if weight and body cell mass 
may benefit from such supplementation.225 Markers of oxidative stress may 
be reduced with supplementation of antioxidant nutrients.226 It was 
suggested that supplemental nutrients may be especially important to 
explore in populations where ARVs are unaffordable. 

Bone mineral density declines have been seen in chronic HIV infection 
along with lower serum levels of vitamin D. Some clinicians have suggested 
that vitamin D and calcium supplementation as well as other therapies may 
be helpful to maintain bone mineral density.227 228 

Special care should be taken to integrate nutrient-based interventions 
carefully. Food, nutrients, and other aspects of care can interact and may, in 
fact, compete. For instance, high doses of vitamin C may reduce the levels of 
the protease inhibitor (ARV) indinavir.229 Unfortunately, many of the 
interactions between nutrients and medications or other treatment strategies 
remain unknown. 
 
Summary 
 
 While the link between nutrition and disease is well known, there is 
much about the potential for nutrition intervention in HIV infection that is 
less well understood. HIV-infection, related complications, and treatments 
can lead to significant nutritional alterations. These alterations can 
contribute to morbidity and mortality. General diet intervention and specific 
nutrient intervention for both asymptomatic and symptomatic HIV infected 
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populations has demonstrated benefit. In addition, single nutrient 
interventions have demonstrated some potential for adverse effects and poor 
outcomes.  
 Guidelines for nutrition in HIV should address the need to integrate 
care in a tailored fashion to best address the needs of populations and 
individuals while protecting against potential adverse effects. Conflicting and 
confusing evidence has complicated this process. Additional research is 
required to support nutritional guidelines to address the needs and issues 
faced by populations impacted by HIV infection.  
 
Evidence-Based Practice Q&A 
 
6-1. What interactions between HIV infection, disease complications, and 
nutritional status have been documented? 
6-2. What foods or nutrients hold promise in delaying disease progression and 
health decline? 
6-3. What feeding recommendations can be made with research evidence 
positive to support health outcomes? 
6-4. What pharmaceutical uses of nutrients, including vitamin and mineral 
supplementation, hold promise for positive health outcomes? 
6-5. What potential toxicities or other problems may be seen with nutrient-
based therapies in chronic HIV infection? 
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