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Role of Cytochrome P450 in the Management of 
HIV Infection
By Kendra Kress, PharmD, John T. Carey Special Immunology Unit at University Hospitals Case 
Medical Center, Cleveland, Ohio

Cytochrome P450 (CYP450) re-
fers to a group of enzymes in the 
human body that are involved 

in the metabolism of various foreign 
chemicals, including drugs, and the 
production of endogenous substances, 
such as cholesterol. Many drugs used in 
the treatment of HIV and HIV associ-
ated conditions are initially metabolized 
by CYP450 enzymes. It is important 
for HIV health care providers to have 
a basic understanding of the CYP450 
enzymes because of the potential for 
CYP450 drug interactions. CPY450 
enzymes are also involved in the me-
tabolism of certain dietary supplements, 
natural products, and foods.  

The CYP450 enzymes are located 
predominantly in the liver, but are also 
found in the small intestine, lungs, 
and kidneys as well as the placenta.  
CYP450 enzymes are further classified 
into subgroups or isoenzymes that are 
involved in the metabolism of certain 
groups of drugs. There are approxi-
mately 50 CYP450 isoenzymes found 
in humans; however, less than 15% of 
these (CYP1A2, CYP2C9, CYP2C19, 
CYP2D6, CYP3A4, and CYP3A5) are 
involved in the metabolism of most 
drugs (1,2).  

Drug exposure may vary from per-
son to person secondary to differences 
in absorption, distribution, metabolism, 
and elimination (pharmacokinetics).  
Physical characteristics, disease states, 
and genetic variation in metabolism may 
influence drug pharmacokinetics and 

individual response to a drug. Genetic 
variability has been found to occur 
within the CYP450 group of enzymes 
and may have a dramatic effect on the 
metabolism of certain drugs (1,2).  Ge-
netic variability (polymorphism) within 
the genes encoding for the CYP450 
enzymes occurs when the wild type 
allele is replaced with a variant allele. 
This may have a large effect on individ-
ual drug response. A well characterized 
polymorphism affecting drug metabo-
lism occurs in the isoenzyme CYP2D6, 
an isoenzyme involved in the metabo-
lism of some antidepressants, the cardiac 
drug metoprolol, as well as a host of 
other medications. Individuals with the 
specific CYP2D6 polymorphism are 
considered “poor metabolizers”   due 
to their inability to manufacture the 
enzyme and are at a greater risk of drug 
toxicity (1,2). On the other hand, “ex-
tensive metabolizers” who do not have 
the polymorphism metabolize the drug 
within the normal range. Polymorphisms 
within the genes encoding for CYP450 
enzymes may also result in other types 
of metabolizers, such as “reduced 
metabolizers” or “ultrarapid metaboliz-
ers.” While many polymorphisms in the 
CYP450 enzymes have been identified, 
clinical testing for these polymorphisms 
is limited. Only a few commercial tests 
are available and studies showing clini-
cal outcomes are needed (3).

Drugs, dietary supplements, and 
compounds found in natural products 

                           (See P450, page 6)
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Member Spotlight: Adriana Campa, 
Ph.D., M.B.A., R.D., L.D.

Dr. Adriana Campa is an Associate Professor of Dietetics and Nutrition in the 
College of Public Health and Social Work at Florida International University 
in Miami, Florida.  Dr. Campa’s interests include human and animal nutrition. 
She is fascinated by the interaction between nature and nurture in the process-
es of feeding, digestion, absorption and the metabolism of nutrients.

Dr. Campa has worked in the area of nutrition and HIV as a clinical and pedi-
atric dietitian for more than 20 years. After her work experience as a clinical 
dietitian, she was appointed research dietitian with the University of Miami/
Jackson Memorial Hospital Clinical Research Center, and became interested 
in HIV and nutrition research. Receiving her PhD from the University of 
Miami, Dr. Campa’s research interests have focused on HIV and micronutri-
ents, particularly zinc and selenium. She believes that more research is needed 
before health practitioners can recommend specific levels of micronutrient 
supplementation, because the dietary needs of the HIV patient change with 
the use of antiretroviral medications and the presence of co-morbidities. She 
believes that a more prudent approach is to obtain micronutrients from a diet 
adequate in kilocalories meeting the RDIs for micronutrients. At these levels, 
micronutrients can ameliorate malnutrition produced by anorexia, recurrent 
diarrhea, and metabolic alterations, as well as due to food insecurity, all of 
which are frequently reported in the HIV positive population in the United 
States.

Dr. Campa’s research has taken her to Latin America and southern Africa, 
including Honduras, the Dominican Republic, Guyana, and Botswana in addi-
tion to her work in Miami. A paper she coauthored entitled, Zinc Supplemen-
tation Improves Immune Response in HIV+ Adults Receiving Antiretroviral 
Treatment (International AIDS Conference, South Africa, 2009. http://www.
ias2009.org/pag/Abstracts.aspx?AID=1096), was accepted for presentation at 
the 2009 International HIV Conference in Cape Town, South Africa.  
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Letter from the Chair
I have been thinking about writing this letter for several days. After all, this isn’t just any Chair Message for Positive Communi-
cation, but my last letter as the Chair of the Infectious Diseases Nutrition Dietetic Practice Group.  
 
It is bittersweet to move on to pasture (as Donna Tinerello, MS, RD, CDN, a past Chair would put it), but I am excited about 
participating in the DPG as a member under the leadership of our incoming chair, Alan Lee, RD, CDE, CDN, CFT. Alan encour-
aged me to get involved in the DPG many years ago and I am indebted to him for this. I am appreciative of all the Executive 
Committee (EC) members I have worked with and thank them for their dedication and friendship. The years I have spent on the 
DPG Executive Committee have been monumental – they have taught me a lot and I hope I have been able to give back as much, 
if not more.  
 
There is still so much that the DPG Executive Committee needs to work on, and we need your help.  Even a few hours a month 
can be a great help to the EC and to the DPG membership. Select a project that sounds like it interests you and commit some time 
to it.  Perhaps you have an interest in education. Can you contribute a handout about the management of side effects or low-cost 
protein sources? Can you spend some time developing a brochure with a committee? Are you web savvy? Would you be able to 
assist with the revamping of the IDN DPG website (something we are actively working on) or serve as a webmaster? Envision 
what you want out of the DPG and make it happen!
 
I wish you all the best!

Jennifer R. Eliasi, MS, RD, CDN 
Chair, Infectious Diseases Nutrition DPG

Letter from the Newsletter Co-Editors
A powerful 7.0 earthquake struck the overpopulated capital city of Port-au-Prince, Haiti on January 12, 2010, with the epicenter 
only miles from the city. The official toll is 217,366 deaths, 97,294 houses destroyed, and 188,383 houses damaged (http://new.
paho.org/disasters). Hundreds of public buildings, including churches, government buildings, and schools as well as roads and 
bridges, were destroyed or badly damaged. More than 500,000 people have left the city for outlying rural areas. Hundreds of 
thousands of displaced people remain in the city living in spontaneous and precarious make-shift tent camps. For those of us in 
the United States who have family, friends, or colleagues in Haiti, the days immediately following the quake were anxious ones, 
awaiting news while practically all phone and internet communications were down.  

Natural disasters can lead to food emergencies and nutrition emergencies. A food emergency occurs when depleted food supplies 
are not quickly replaced by food aid. After the quake, families lost their homes and livelihoods, markets were destroyed and dis-
rupted, and food shortages drove up food prices. Access to the displaced populations was limited. During the month of February, 
one month after the quake, food aid distribution by the World Food Program and its partners finally became operational, bringing 
some stability to the food security situation. A nutrition emergency occurs when there is the risk of mortality due to an increase in 
acute malnutrition in the population. Efforts are now being directed toward the prevention of wasting/acute malnutrition, particu-
larly among children under five and pregnant and lactating women. Supplementary foods are being distributed to these vulnerable 
groups in some areas. Feeding centers for the treatment of severe malnutrition are also gearing up. Diarrheal disease epidemics in 
the displaced camps are another major concern. Nutrition programs will be underway to support infant and young child feeding to 
help protect children against diarrheal diseases.                 

We are interested in your thoughts and feedback.  

In addition, if you have recently read an interesting book on nutrition and would like to write a book review, please let us know.

June Pierre-Louis, PhD, MPH, CDN (junepierrelouis@yahoo.com)
Alison Mittelsteadt, MS, RD, LD (alison.mittelsteadt@case.edu)



4
Positive Communication Spring 2010

medications (especially HAART), 
abuse of nutritional supplements (i.e. 
patients selling the products instead of 
consuming them), and limited measur-
able positive changes in client dietary 
habits. Frustrations were expressed 
regarding lack of patient participation 
in nutrition education programs that 
were separate from doctor appoint-
ments (e.g., weight and/or diabetes 
management groups). Reasons for lack 
of adherence were also discussed. Are 
individuals non-compliant because of 
their economic status (unable to afford 
bus fare, transportation issues in gen-
eral)?  Are some non-compliant because 
of substance use? Are cultural stigmas 
regarding HIV/AIDS keeping clients 
from actively seeking care? What part 
do serious mental illnesses, includ-
ing major depressive disorder, play in 
non-compliance? The groups discussed 
how each issue must be assessed by the 
appropriate health professional and the 
steps that should be taken to address the 
root cause(s).

The appropriateness of tangible 
incentives, such as a food/supermarket 
vouchers or meals to motivate clients to 
attend the nutrition education groups (as 
well as provider visits), were discussed 
as well. Are clients compliant with their 
appointments/groups based solely on 
receiving a reward or is there a way to 
promote the intrinsic value of nutri-
tion education? Methods discussed to 
increase patience compliance were as 
varied as the reasons discussed for non-
compliance.

A question regarding herbal 
therapies, as it pertains to kidney and 
lung transplant patients, was then posed 
to the panel as well as the group. The 
panel members and attendees were un-
able to comment on the current herbal 
therapies for kidney or lung transplant 
populations, but several critical ques-
tions were posed regarding the efficacy 

of herbal therapies for the infectious 
disease population. What herbs are safe 
for HIV and hepatitis? What herbs cause 
drug-nutrient interactions, particularly 
with regard to HAART? Are there ways 
to predict and monitor potency in order 
to provide consistent and reliable thera-
peutic dosing? A few specific supple-
ments were discussed. St. John’s Wort 
and garlic are the two biggest offenders 
in their ability to cause drug-nutrient 
interactions with most anti-retroviral 
therapies (1). Silymarin, a compound 
in milk thistle, has mixed reviews in its 
ability to regenerate liver cells and de-
crease inflammation in those with hepa-
titis C (2). These herbal and vitamin 
supplements are regulated by the Food 
and Drug Association (FDA) as food 
products, not as drugs, an important 
point to convey to clients.  Furthermore, 
most of the FDA regulations take place 
at the supplement’s marketing stage, 
not during production; manufacturers 
provide their own labels (3). Potency 
is difficult to gauge since the consumer 
is relying solely on the manufacturer. 
Nutrition professionals have the duty 
to ask clients about supplement use to 
ensure safety and well-being. 

Another hot topic discussed was 
funding for HIV/AIDS medical nutri-
tion therapy and nutrition services. At 
the time of our meeting the reauthori-
zation of the Ryan White HIV/AIDS 
Treatment Act for the next four years 
was in question. Would Congress cut 
funding in areas most in need? How 
would medical nutrition therapy and 
nutrition services be funded? Several of 
the attendees spoke about their involve-
ment with the Ryan White funding pro-
cess and/or its effects since the 1990’s. 
They encouraged nutrition professionals 
to lobby at the federal level to prevent 
cuts and to increase funding for medical 
nutrition therapy and nutrition services 
in general. The Ryan White reauthori-

The American Dietetics Associa-
tion’s Food & Nutrition Confer-
ence & Expo (FNCE) received 

a warm welcome from the Mile High 
City this past October 17-20, 2009. The 
weather was indeed mild for the partici-
pants of the annual meeting, allowing 
for easy commuting and exploration of 
the pedestrian-friendly city of Denver, 
Colorado.  Conference participants 
were also lucky enough to witness the 
Denver Marathon as it passed through 
downtown Denver in front of the Colo-
rado Convention Center early Sunday 
morning. It was a great display of the 
Coloradoan health conscious lifestyle!

The Infectious Diseases Nutrition 
Dietetics Practice Group (IDN DPG) 
hosted an open discussion educational 
session on Sunday, October 18. Sug-
gested topics of discussion included the 
management of weight-related issues 
in infectious diseases, pharmaceutical 
interventions with a focus on highly 
active antiretroviral therapy (HAART), 
complementary and alternative medi-
cine (CAM), medical nutrition therapy 
and therapies currently being devel-
oped. The discussion was moderated by 
IDN DPG Chair, Jennifer Eliasi, MS, 
RD, CDN, and Chair-Elect, Alan Lee, 
RD, CDN, CDE. We had a significant 
turnout for the early morning event, 
with several attendees who were not 
members of the IDN DPG at that time. 
The diversity of the audience supported 
the notion that there is widespread inter-
est in the specific expertise of infectious 
disease nutrition professionals. 

The first and most extensively 
discussed topic revolved around patient 
compliance with provider visits by 
the infectious disease population. The 
concern stems from the inability to 
provide consistent medical nutrition 
therapy to clients who do not keep 
their appointments. The discussion 
also touched on non-compliance with 

2009 Food & Nutrition Conference & Expo, IDN DPG
Modern Management of Infectious Diseases: HAART, Complemen-
tary and Alternative Medicine (CAM) and Therapies on the Horizon: 
Open Discussion – a Review.

By Brenda M. Murdock RD, Nutritionist, Infectious Disease Practice of the Ambulatory Care Center, University of Medicine and 
Dentistry, Newark NJ
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zation was, in fact, passed on October 
21, 2009, and subsequently signed into 
law by President Obama on October 30, 
2009 (4).  

The final topic of discussion includ-
ed vitamin D status among HIV positive 
individuals. Recent research has shown 
that vitamin D deficiency is prevalent 
among people living with HIV/AIDS 
(PLWHA) and exacerbates metabolic 
conditions, including bone mineral den-
sity loss, cardiovascular disease, renal 
disease, diabetes and insulin resistance. 
Nutrition professionals are encouraged 
to work with providers to promote blood 
testing of 25-hydroxyvitamin D and if 
levels are low, to  provide high doses of 
vitamin D supplements to bring levels 
back to within the normal range.(5). 
Medical nutrition therapy for vitamin 
D deficient clients is also important and 
goes hand-in-hand with nutrition educa-
tion for HIV patients. 

The IDN DPG open discussion was 
a great success and included several 
interesting and pertinent topics. It was a 
forum to share ideas that may not have 

been discussed on the IDN DPG listserv 
as well as further discussion of topics, 
for example, vitamin D deficiency. We 
were very pleased to have met several 
non-IDN DPG members who gained 
accurate and appropriate information 
that they can now share with their HIV/
AIDS patients.  We look forward with 
anticipation to what the IDN DPG will 
be showcasing this November at FNCE 
2010 in Boston, Massachusetts!  
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(P450, from page 1)
and foods are metabolized to different 
degrees by the CYP450 enzymes. For 
example, caffeine is a substrate for the 
CYP1A2 isoenzyme, and the anxiolytic 
alprazolam is a substrate for CYP3A4. 
CYP3A4 is the most important isoen-
zyme involved in drug interactions with 
medications used in the management 
of HIV infection (4,5). In addition, 
CYP3A4 is important in the metabolism 
of medications commonly used in the 
management of conditions found in the 
HIV infected population, such as diabe-
tes and hyperlipidemia (6,7). 

Drugs or compounds are classi-
fied as inhibitors or inducers of the 
CYP450 isoenzymes. Inhibitors block 
the metabolic activity of one or more 
CYP450 isoenzyme. The degree of en-
zyme inhibition is dependent on several 
factors including binding affinity and 
the dose of the drug (1,2). For example, 
increasing the dose of a weak inhibitor 
drug may cause it to become a potent 
inhibitor. Many CYP450 interactions 
can be managed by adjusting the dose 
of one of the drugs involved (5,6). Drug 
interactions can be advantageous when 
formulating antiretroviral combina-
tions. For example, ritonavir, a protease 
inhibitor, is a CYP3A4 inhibitor, and is 
used therapeutically to increase levels of 
other protease inhibitors that have poor 
bioavailability (drug exposure), such 
as tipranavir. Other antiretrovirals are 
inducers of the CYP450 enzymes and 
cause increased enzyme activity, which 
may result in lower levels of the target 
drug or substrate. A prime example of 
CYP450 induction is efavirenz.  Efa-
virenz may increase the metabolism of 
some protease inhibitors, such as lopina-
vir.  When efavirenz is given in combi-
nation with lopinavir/ritonavir, the dose 
of lopinivir/ritonavir must be increased 
to maintain therapeutic drug levels. 

There are intrinsic differences 
between induction and inhibition of the 
CYP450 enzymes. Inhibition usually 
occurs immediately and reverses quickly 
upon the removal of the offending agent. 
Induction of the CYP450 enzymes may 
be broad and include many isoenzymes. 
In addition, a delay in the onset of 
increased metabolism of the substrate 
is typically due to the half-life of the 
inducing drug.  Drugs with shorter half-
lives have a shorter onset of induction 
and reversal of induction. On the other 

hand, drugs with longer half-lives may 
take a week or more before full induc-
tion is achieved. Some drugs, such as 
the antiseizure drug carbamazepine, 
may induce their own metabolism (1,2).  
Carbamazepine requires incremental 
dose increases to achieve a therapeutic  
concentration, as the half-life of the drug 
decreases over time due to increased 
P450 enzyme activity. It is possible for 
drugs to be a substrate for one isoen-
zyme and an inhibitor of another isoen-
zyme.  Another possibility is that a drug 
may be both a substrate and an inhibitor, 
or an inducer of the same isoenzyme. 
Because CYP450 interactions are nu-
merous and may be complex, CYP450 
drug tables that categorize drugs as 
substrates, inhibitors, or inducers of spe-
cific isoenzymes may assist health care 
providers in identifying potential drug 
interactions (Table 1). 

Table 1: Cytochrome P450 Isoenzymes: Examples of Common Substrates, Inhibitors 
and Inducers.

Isoenzyme Substrates Inhibitors Inducers

CYP1A2 Caffeine
Theophyline

Cimetidine
Ciprofloxacin

Carbamazepine
Tobacco
Rifampin

CYP2C9 Glipizide
Ibuprofen

Fluconazole
Ritonavir

Carbamazepine
Rifampin
Phenytoin

CYP2C19 Phenytoin
Omeprazole

Ritonavir
Isoniazid

Carbamazepine
Rifampine
Phenytoin

CYP2D6 Metoprolol
Amitriptyline
Paroxetine

Cimetidine
Ritonavir 
Paroxetine

CYP3A4 Alprazolam
Simvastatin
Estradiol

Grapefruit juice
Ketoconazole
Ritonavir

St. John’s Wort
Carbamazepine
Rifampin
Phenytoin

Source: Adapted from (1) and (2).

Natural products, such as garlic, 
ginkgo, ginseng, and kava, are known 
to cause CYP450 drug interactions. 
Garlic has been shown to be an inducer 
of CYP3A4, while ginkgo and ginseng 
inhibit it. In addition to CYP3A4 inhibi-
tion, ginkgo may induce CYP2C19.  
Kava has shown multiple isoenzyme 
inhibition, inhibiting CYP2D6, CY-
P1A2, and CYP3A4 (8).   Patients often 
do not report these to their health care 
practitioners because these products are 
not medications and because patients 
believe they are “natural” and safe to 
take with their prescribed medications. 
Health care practitioners should always 
inquire about natural products, supple-
ments, and over-the-counter products 
when asking patients about their drug 
regimens.  
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Stay Tuned for Website    
Renovations at 

www.hivaidsdpg.org

Health care professionals who 
work in the HIV field have heard of the 
infamous grapefruit juice and St. John’s 
Wort drug interactions. Grapefruit juice 
contains compounds that are potent in-
hibitors of the CYP3A4 isoenzyme and 
therefore consumption may lead to in-
creased risk of drug toxicity.  St. John’s 
Wort is a potent inducer of CYP3A4 
and may lower the drug levels of other 
medications that are metabolized by this 
isoenzyme (8).  

Vitamin D deficiency is common in 
the HIV infected population and CYP 
3A4 is known to be involved in vitamin 
D metabolism.   A recent study showed 
that patients on certain antiretrovirals 
were at greater risk for vitamin D defi-
ciency (9). One hypothesis that could 
explain lower vitamin D levels in HIV 
infected patients is that antiretrovirals 
are metabolized through CYP3A4 and 
therefore may interfere with vitamin D 
metabolism.

The CYP450 enzymes are complex 
and have many substrates, inhibitors, 
and inducers. In an effort to provide 
comprehensive, high quality care to pa-
tients, health care providers should have 
a basic understanding of the CYP450 
group of enzymes and be able to iden-
tify potential interactions with drugs, 
supplements, natural products, and foods 
metabolized by this pathway. 
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By Alison Mittelsteadt, MS, RD, LD

In Defense of Food 
By Michael Pollan, award-winning 
journalist

Michael Pollan takes a few jabs 
at the science of nutrition 
in his book, In Defense of 

Food; however, he clearly supports the 
ideals that many dietitians hold dear.  
His advice boils down to the subtitle’s 
concise yet apt mantra of “Eat food, not 
too much, mostly plants.”   

Pollan underscores the need to 
focus on eating real food, not solely 
nutrients and not processed food. An 
easy method to identify real food, says 
Pollan, is to question if your grandmoth-
er would recognize it. He criticizes the 
reductionist approach, stating that nutri-
tion science has reduced food to its nu-
trient parts while ignoring the merits of 
whole foods. “The whole food is greater 
than the sum of its nutrient parts,” states 

Pollan. Elaborating on this model, he 
highlights how the food industry will 
take an inherently unhealthy food, add a 
nutrient or nutrients (“contains 16 essen-
tial vitamins and minerals”) perceived 
as beneficial and declare it a health food, 
all in an effort to dupe consumers.  

“Not too much” is a notion foreign 
to Westernized diets. Pollan points out 
the absurdity of the American culture’s 
preference for quantity over quality 
when it comes to food. Americans spend 
only 10% of their income on groceries 
but still have alarming rates of over-
weight and obesity, while European 
countries value quality, nutrient dense 
food and spend roughly 30% of their 
income on food. He urges readers to 
stop scrimping on diet quality, which is 
crucial to good health.

Pollan also explores several specific 
examples of traditional cultures in which 
the majority of macronutrients are de-
rived from plants and how these cultures 

have relatively few chronic diseases. He 
cites the example of a study involving 
Aborigines who developed high rates of 
obesity, diabetes and heart disease with 
the adoption of a Westernized diet; these 
conditions were ameliorated when the 
population returned to a more traditional 
diet and lifestyle.  

I can almost guarantee that you 
know the information presented in this 
book, but you have never seen it pre-
sented like this. This is a must read! 

Also, take a look at Pollan’s newest 
book, Food Rules, in which he has com-
piled 64 food idioms from consumers, 
e.g. “Don’t eat cereal that changes the 
color of your milk.” He hopes readers 
will find some that they can incorpo-
rate into their lives to make them a bit 
healthier.

Book Review 


