
In October of 2006, I was fortunate
to be a part of the American
Dietetic Association’s (ADA’s) dele-

gation to The Peoples Republic of
China. Led by past ADA president
Rebecca Reeves, DrPH, RD, and her
husband Hugh, 76 registered dietitians
(RDs) from a variety of specialties trav-
eled to three cities in China to
exchanged nutrition information with
the Chinese Nutrition Society, medical
specialists and food companies.  

The first city on our itinerary was
Beijing, the Chinese capital, and our
first meetings were with representatives
from the Chinese Nutrition Society.
This organization was originally part of
the China Physiology Science Society
and was registered as an independent
social entity organization in the China
Association for Science and Technology
in 1981. Attending the meetings was the
secretary general, Mrs. Zhai Fengying. 

The programs focused on prevalence
and incidence of nutrition and diet-
related disease states, how nutrition
messages are disseminated by the
Chinese Ministry of Health and the edu-
cation and roles of nutrition profession-
als in both Western and traditional
health care. One of the most interesting
notes from this meeting was the
Chinese way of calculating body mass
index (BMI). Their BMI for overweight
is > 24 and BMI for obesity is >28.

This was due to their shorter stature and
finer bone structure. They stated that
the obesity rate in China has doubled in
the last 10 years and the number of
overweight had increased 40%. It seems
that even China has not escaped the
obesity epidemic. 

We stayed in Beijing three days and
visited many points of interest, includ-
ing the Great Wall of China, the
Forbidden City and Tenement Square.

Next we traveled to Xi’an (pro-
nounced She An). There we visited the
Nutrition and Food Hygiene Subject
(NFHS), School of Public Health, Xi’an
Jiaotong University. The NFHS current-
ly has cooperative programs with the
Centers for Disease, Control and
Prevention, Texas University, Harvard
University and Newcastle University of
Australia.  

Professor Yan Hong, director of the
China Preventive Healthcare Statistics
Committee, spoke to us about nutrition
education of the public, research in
nutrition and maternal nutrition in
China. It was very interesting to learn
that China has a major problem with
iron deficiency and is considering forti-
fying soy sauce with iron since it is the
most widely used condiment in China.  

In Xi’an, we saw the Terra Cotta
Warriors. These are an amazing part of
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Karen Bellesky, RD, LD
Past HIV/AIDS chair  Book Review

Never Give Up
Book by Kevin Winge

This is a book of vignettes about
Kevin Winge’s experiences
while working in sub-Saharan

Africa, particularly in South Africa over
the past several years.

The vignettes are short stories about
people, families and towns infected
and/or affected by HIV disease. Each
short story provides the reader with
something to think about. Some stories
are quite sad, but all are moving and
inspiring.  

Through personalizing the stories,
Winge humanizes HIV disease and its
devastation in Africa. But more impor-
tantly, the book brings to life the
resilience of a helping hand. Some of
the stories discuss politics, and the
need to show persons around the
world that what is done through the
federal government in Washington,
D.C. is not the attitude of all who live
in America.

One such story is called “A Few
Missing Bananas.” Part of the story
tells of the frustration when a little gift
to someone who needs so much is
never enough. However, the last para-
graph helps put things in the perspec-
tive from the other side. “We can get
irritated over the constant requests and
demand for more money. We can com-
plain about the untrustworthiness of
employees when a few bananas go
missing. And then we can go to the
store and buy more bananas.”   

Winge also uses the book to discuss
the politics of HIV/AIDS and the need
for all countries to work together on

world solutions including politics at
both national and personal levels. A
vignette that helps me think about this
is “Two Bars On A Saturday Night.” 
It tells of how Winge and friends 
spent a Saturday night at a bar in 
Cape Town. On that same night in the
back of a different bar in Cape Town,
a young woman was going to use the
bathroom. She was gang raped, and
when she told her attackers that she
was HIV positive, the five young men
then beat her to death. A local news-
paper reported, “The owner of the 
tavern apparently saw everything and
called to the five guys to clean up the
blood in the toilet, which they appar-
ently did before fleeing the scene.” A
second story that gets at the politics is
entitled “The Nelly.” I will let you
read the story.

If you were not involved in HIV
care before protease inhibitors, I sug-
gest you read this book for a history
lesson and to be aware of what is
occurring now in many countries of
Africa. And if you were involved then,
I still recommend the book to help you
remember, but also to be grateful for
what is available in developed coun-
tries. It is a great way to remember
why we do what we do.

Best of all, the proceeds of Never
Give Up go to Open Arms of
Minnesota. It’s a nonprofit organiza-
tion committed to providing meals 
and related services to people with
HIV/AIDS and other chronic diseases
in the Minneapolis-St. Paul area, as
well as people in South Africa.



Chinese history and may one day be
considered the eighth wonder of the
world. If you have a chance to see them,
you will understand why.  

The third city we visited was
Kunming (pronounced just as it is
spelled). There we visited the Yunnan
No. 3 Peoples Hospital. It is interesting
that there are several hospitals in China
now that focus on Western medicine.
This is one, though they also practiced
Traditional Chinese Medicine (TCM).
China is making every effort to modern-
ize its health-care system. Here the pro-
fessional program focused on nutrition
problems, diabetes care and patients
with terminal illnesses. 

We also visited a Chinese herb mar-
ket. There were all kinds of sacks of
herbs sold to TCM practitioners and
pharmacies. I bought some ants (dried)
that when soaked in “fire water” (pure
vodka) are supposed to be good for
arthritis. We saw just about every kind
of herb and animal that is found in
China there.  

I was sad to leave China. It is so rich
in culture and tradition. The people are
gracious and despite rumors, still prac-
tice many of the old Chinese traditions.
Bicycles abound on the streets as one of
the main forms of transportation.
Bicycle parking lots looked a lot more
efficient than the enormous car parking
lots in the United States. Rickshaws are
not as common; however they could be
seen at times in older parts of cities.
Donkey carts mix with automobiles
along crowded streets in the cities. The
countryside is astoundingly beautiful
with many flowers and austere moun-
tains.  

If you have the opportunity to go to
China, go to Kunming. It is the flower
capital of China and everywhere there
are flower gardens and vases of fresh
flowers.  

The Chinese people have the very
poor and the very rich, just as many other
countries. They have many of the same
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Patients receive electro-acupuncture for gout. Electro-acupuncture is more commonly used
than regular. Needles are inserted and receive a very mild current.

We walked as far as allowed along the Great Wall of China. There was a wall preventing us
to go farther.

In this herb market, animal parts are used quite frequently for medicinal purposes, such as
the flattened dried lizards in this photo.
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Does stepping on the scale count as exercise? How people
living with HIV can get the most out of physical activity
By Theresa Gaffney, RD, LD, CPT 

Standing a few steps from my
office is the frequently used—by
patients and staff alike—clinic

weight scale. It is as fancy as a clinic
scale can get as it measures digitally in
kilograms or pounds. Most of the
patients like the number in kilograms
and you can hear their disappointment
when the nurse tells them their number
in the more familiar unit of pounds.
Certainly, not every patient is disap-
pointed when they step on the scale, but
there is not a shortage of familiar voices
outside my door saying to the nurse,
“Wait, let me take off my cell phone ...
shoes ... wrist watch, etc.” Some
patients, of course, would prefer to keep
on any extra item, such as their puffy
parka, belt, or purse. Sometimes, I can
sense the ambivalence, nonchalance,
dread, or pensiveness as they approach
the scale. More often, I can hear the
society- or self-inflicted guilt, disap-
pointment, embarrassment, and some-
times pleasure in their voice or sigh. I
can decide at that moment what
approach I might have to take when I
step into the exam room to meet with
the patient.

A few months ago, I sought to iden-
tify the physical activity habits, inter-
ests, barriers and needs of a small por-
tion of our clinic patients. I became
curious about our patient population and
reviewed patient charts to assess factors
such as body mass index (BMI) and the
use of ancillary medications like antihy-
perlipidemics, among other things.
Thinking of individual patients, I could
say with assuredness that a number of
them were overweight, taking medica-
tions for hypertension, hyperlipidemia,
etc. Yet, I decided I needed to quantify
this. Although my query of a random-
ized pool of patient charts did not have
the most stringent methodology, I was
able to quantify my assertions, and this
provided some insight into a fairly
demographically representative sample

of our clinic population.

Chart reviews  
Excluding factors such as waist circum-
ference and lipodystrophy and focusing
only on BMI, out of 100 HIV-positive
patients (74 males and 36 females) the
results are as follows:  

• Underweight: 9%
• Normal weight: 34%
• Overweight: 37%
• Obese Class 1: 11% 
• Obese Class 2: 5%
• Extreme obesity: 4%.  

This profile is not unique. A report
from the University of Pennsylvania
published in August 2005 stated that, in
its study population, nearly 28% of
women and 11% of men with HIV
infection in Philadelphia were obese
(1).

Based on a review of 141 clinic
charts, tallies for dyslipidemia (which
included any one or more criteria of
high total cholesterol, HDL/cholesterol
ratio, triglycerides, or LDL; or low
HDL), hypertension, diabetes and the
use of highly active antiretroviral thera-
py (HAART) were as follows:  

■ Dyslipidemic and/or taking medica-
tions for hyperlipidemia: 51.7%

■ Antihypertensive medications: 18.4%
■ Known insulin resistance or type 2

diabetes mellitus: 8.5%
■ HAART: 85.1%.

Salyer, Lyon, Settle, Elswick and
Rackley evaluated coronary heart dis-
ease risks and lifestyle behaviors in
persons with HIV on HAART.
Variables included in the study were:
lipid profile and other metabolic
indices, body fat distribution, BMI,
blood pressure and lifestyle behaviors
(physical activity, diet and smoking).
The group found there were multiple
modifiable risk factors, and 20% of
participants had a 10-year risk of 10%
or higher of developing coronary heart
disease (2).

Physical activity survey
The physical activity survey I created
was randomly distributed to HIV-posi-
tive clinic patients and the Statistical
Program for Social Sciences (SPSS)
was used to tabulate data. The survey
results are based on a small population
—46 people—but demographically
speaking, the pool of survey respon-
dents was congruent with our patient
population.  

All respondents believed that physi-
cal activity is important and benefits
their health. The majority of respon-
dents wanted to lose weight, lose fat,
and gain muscle. Only a small percent-
age was not interested in any of the
above. Sixty-seven percent considered
themselves physically active with 58%
stating they participate in daily physical
activity, and 26.5% participate two to
three times per week. Many identified
walking and activities of daily living
(house work, sex, gardening, playing
with children) as their primary activi-
ties. This is consistent with an evalua-
tion of physical activity participation in
people with HIV disease, which
appeared in the September/October
2003 issue of Journal of Association of
Nurses in AIDS Care (3). It emphasizes
that people living with HIV/AIDS
(PLWHA) value exercise as an impor-
tant self-care activity. However, most do
not engage in any type of organized
exercise or meet general recommenda-
tions for frequency or duration of activi-
ty. Walking is identified as the most fre-
quent and favored activity over moder-
ate, strengthening and vigorous activity.  

Another study collected data of HIV-
positive subjects with lipodystrophy,
which included smoking, exercise and
diet habits. Subjects fell far short of the
guideline set by the Institute of
Medicine, which promotes seven hours/
week of moderate to vigorous physical
activity (4).

Clinic survey participants were asked
if they had ever been a member of a



health club, and their reasons for this.  
Likewise, individuals who had not

been a health club member were asked
if any of six items were factors in their
decision: HIV/AIDS status, being over-
weight, being of low body weight, poor
body image, cost/don’t have the money,
and/or no interest. Almost 61% are/
were a member of a health club and rea-
sons included health and fitness, social-
ization, and access to equipment and
clean facilities. Responses of individu-
als who had not been health club mem-
bers indicate that they are interested in
health club memberships (62.5%), but
the biggest factor prohibiting member-
ship is cost/money (80.0%). Poor body
image was a stronger factor than
HIV/AIDS status, 53.3% and 43.8%,
respectively. Overweight and low body
weight were less-identified factors,
26.7% and 21.4%, respectively.
Incidentally, there was no statistically
significant correlation between gender
and poor body image as a factor in not
joining a health club. 

The survey went on to glean infor-
mation on individual training history,
activities of interest, and willingness to
pay for services. We can easily identify
barriers to exercise in our own lives,
which also are present for PLWHA.
Some of the HIV-specific barriers to
starting and maintaining an exercise
regimen that have been identified
include, but are not limited to: percep-
tion of physical health status (5), lack of
child care and/or transportation (6), lack
of social support (3), HAART regimen,
acute illness, and previous unsuccessful
results with exercise.

Whether patients’ weight is increas-
ing due to an unhealthy lifestyle,
lipodystrophy is reshaping their body
and body image, muscle and fat are
wasting, or an aging body is simply tak-
ing the course we all naturally follow,
you know before I even have to say it:
Physical activity can play a positive role
in the lives of PLWHA.

While good nutrition therapy is a
cornerstone to treatment, and we are all
well-versed in our duties and roles,
there is a need for someone in the treat-
ment team to be actively promoting

physical activity for every client as an
individual. 

For PLWHA, what are the benefits of
physical activity? Are the guidelines as
straightforward as the ad on the side of
the city bus tells m? “Groove your body
every day for 10 minutes, three times a
day”?  Maybe this is enough for some;

surely it is a starting point for most,
regardless of their needs, abilities and
goals. The barriers to activity have been
identified, so what are the portals to
success? What does recent literature tell
us in terms of the most effective, acces-
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BenefitsActivity prescription

General aerobic recommendations

General PRE recommendations

• Constant or interval aerobic exercise,

OR

• Combination of constant aerobic
exercise and progressive resistance
exercise (PRE)

• 20 minutes duration

• Three times per week (7)

• Progressive resistance exercise 

OR

• Combination of PRE and constant
aerobic exercise

• Three times per week (8)

Other recommendations

• Intensity of activity should be at
50%–55% of maximum aerobic
capacity OR 70% of maximum heart
rate

• Strength training can be a combina-
tion of weight training, isometric or
isokinetic activities (9)

• Aerobic exercise with three to five
sessions per week, 20–60 minutes
per session at 50%–85% maximum
heart rate

• Focus on large muscle groups and
start with 8–12 repetitions per exercise
(10)

• Improved self-efficacy

• Decreased heart rate; improved 
cardiovascular fitness

• Improved overall health

• Improved cognitive function (12)

• Increased lean body mass AND

• Increased strength (with greater effect
in HIV wasting than non-wasting)

• Increased physical functioning (all
with resistance training) (13)

• Reduced depressive symptoms (14)

• Improved body weight and body com-
position

• Improved psychological status (with
or without aerobic activity)

• Improved strength (with or without
aerobic activity)

• Improved cardiopulmonary fitness

• No change in immunological/
virological status (8)

• Improved physical functioning (with
resistance training)

• Improved strength (with resistance
training)

• Improved quality of life

• Cost-effective intervention (11)

• Decrease in depressive symptoms

• Improved cardiopulmonary fitness

• No change in immunological/virological
status (7)



sible approaches or recommended
guidelines for HIV-positive people?

Literature review  
The majority of studies have evaluated
the effect of exercise on immune system
parameters, cardiorespiratory parameters,
changes in strength, body composition,
and other biochemical parameters such
as lipids and insulin resistance. Several
studies also focus on issues of quality of
life, depression and body image.

Systematic reviews by Nixon,
O’Brien, Glazier and Tyman have been
completed on both aerobic and progres-
sive resistance exercise (PRE) interven-
tions for adults living with HIV/AIDS.
Both reviews examine the safety and
effectiveness of the interventions on
immunological/virological, cardiorespi-
ratory and psychological parameters.
The systematic review of strength train-
ing interventions also evaluated the
parameters of weight, body composi-
tion, and strength (7–8). 

The review on aerobic interventions is
based on a small number of trials with
small numbers of participants consisting
mostly of males. The trials utilized a vari-
ety of exercise interventions, were short-
term (15 weeks or less with the exception
of one 24-week study) and had generally
poor participant compliance and/or high
withdrawal rates.  Also, meta-analysis
was limited because of the span of out-
come measures used.  The review on
PRE interventions did include a variety of
participants with respect to characteristics
of age, stage of HIV infection, diagnosis
of AIDS wasting, and use of HAART
therapy.  That said, the authors concluded
that aerobic exercise and resistance train-
ing could play an important role for
adults living with HIV/AIDS (7–8). A
summary of the recommendations and
benefits stemming from the reviews is
listed in the following table, as well as
other suggestions and/or benefits cited by
other individual studies.

The summary provided in the table
does not include studies that were spe-
cific to lipodystrophy. A number of stud-
ies focusing on lipodystrophy include

exercise as an adjunct to therapies such
as pharmacological and nutrition inter-
ventions. Overall, the studies differ in
their design, and the results vary and are
less conclusive. Terry, Sprinz, Stein,
Medeiros, Oliveira and Ribeiro studied
the effect of exercise on lipodystrophy
and dyslipidemia.  Participants were ran-
domized to a 12-week program of aero-
bic exercise with diet recommendations
or a program with stretching and relax-
ation in addition to the same diet recom-
mendations.  The exercise group had
improvements in peak oxygen uptake.
There were significant and similar
decreases in body weight, body fat and
waist-to-hip ratio for both groups.
Immunologic variables had no change,
and there was no significant change to
triglycerides, total cholesterol, HDL or
plasma endothelin-1 levels (15).

A study evaluating HIV-positive peo-
ple identified as having metabolic syn-
drome based on the National Cholesterol
Education Program (NCEP) lasted six
months and involved an observation
group and a group receiving intensive
lifestyle modification. The physical activ-
ity intervention component consisted of
three hours of physical activity per week
at a moderate intensity and greater than
or equal to 10,000 steps of daily activity.
Compared with the control group, the
lifestyle modification group had a
decrease in waist circumference, systolic
blood pressure, hemoglobin A1C, and
lipodystrophy score. Activity levels
increased, but lipid levels did not improve
(16). In the data collection study by Shah,
Tierney, Adams-Huet, et al., moderate to
heavy exercise tended to be associated
with higher HDL-cholesterol levels (4).

Other benefits demonstrated by stud-
ies involving aerobic exercise and/or
resistance training also include
decreased total body and visceral fat, a
decrease or normalization of lipid pro-
files, decreased triglycerides alone,
decreased lactate levels, and decreased
estimated relative risk for coronary
heart disease. Greater improvements
were seen in blood lipids when the
baseline values were higher (17). In
some instances, the benefits of resist-
ance training were less conclusive; in

one study, decreased insulin resistance
was only suggested (18); in another it
was considered an expected potential
effect (19). 

Trouble-shooting  
With all of the information available to
us on physical activity in the HIV popu-
lation, there is no debate that even with-
out conclusive evidence or perfect study
designs, we can provide patients with
motivating reasons to become and
remain more physically active. The
greater challenge is to help our clients
find ways to overcome whatever hinders
them from exercising.

Some novel approaches have been
tested and demonstrate success.  

1. Addressing social support. Kastner,
Young, Miller and Sullivan investi-
gated the relationship between an
involved exercise leader and the
impact on the HIV-positive individ-
ual. Although the study was only a
week-long intervention, the study
achieved an increase in perceived
social support and a decrease in
depressive symptoms (20).

2. Moving toward more non-traditional
activities. Subjects with advanced HIV
were placed into one of three groups:
t’ai chi, aerobic exercise, or control.  In
the t’ai chi and aerobic exercise group
alike, there were positive changes in
physical health, psychological coping,
and social interactions (21).

3. Going to the client. A randomized
controlled trial of a supervised, home-
based intervention with aerobic exer-
cise and resistance training in HIV-
positive women was carried out for 16
weeks. By removing such barriers as
child-care and transportation, this
physical fitness intervention provided
significant improvements in strength,
as well as improvements in cardiopul-
monary fitness, endurance, and body
composition (6).
Other options a practitioner might

want to consider in their assessment of,
or offerings to clients:

■ Pedometers or resistance bands
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The life of an HIV-positive man
By Jacqui Brockman, RD

Being HIV positive in New York
City has its advantages. In fact,
New York City has a number of

great resources for people with HIV to
receive free or reduced education, gym
memberships, food and nutrition pro-
grams and alternative medical treatment.
As a registered dietitian (RD) working in
HIV care, I have to be up to date with
new information on alternative and inte-
grative health practices. At Iris House, we
provide dried herbs, teas, vitamins, probi-
otics and other various supplements to
our clients. 

Iris House, Inc. is located in Central
Harlem and offers case management,
supportive housing, and of course food
and nutrition services. I am one of four
nutritionists at Iris House who provides
one-on-one counseling and daily cook-
ing classes. We also have weekly pantry
bags available for our clients that are
filled with either fresh produce or dry
goods. 

Our clients are referred to us by out-
side agencies, hospitals, existing clients
and Iris House volunteers. A friend of
his who had once volunteered here
referred William* to us in 2004.
Although William was HIV-positive, he
was otherwise in good health when he
became a client. At 6-feet 2-inches, he
weighed 197 pounds and was 104% of
his mid-range desirable body weight.
Prior to receiving nutrition education,
he was familiar with what a healthy diet
consisted of, but his intake remained
inadequate in total fiber, lean protein
and mono/polyunsaturated fats. As he
followed up with nutrition on a regular
basis, oatmeal with bran and fruit
became a regular routine in the morn-
ing. He also began to incorporate more
fish into his diet.    

William was 54 years old when he
was diagnosed with HIV in 2002. He
frequently donated his blood to the Red
Cross for years, but in May of 2002,
that donation changed his life forever.
After his blood was drawn, he was told

he couldn’t donate anymore and that he
needed to go to the hospital and have
his blood checked. Concerned, William
did just that and went to a clinic. He
was told he had HIV. The counselor at
the clinic informed him about a support
group for HIV-positive men. This is
where he learned how to deal with the
diagnosis of HIV and cope with a new
lifestyle.

Over the next two years he went on
with his life, attending support groups
and keeping an active social life within
his community. But in the summer of
2004, William was at a doctor’s
appointment when his physician noticed
that his testicles were smaller than
usual. William thought it was due to the
fact that he had been celibate for eight
years. A blood test revealed a signifi-
cantly low testosterone level and so an
MRI was ordered to rule out any prob-
lems with the pituitary gland. In gener-
al, if there is a pituitary tumor, it can
disrupt sex hormones (i.e., testosterone)
and cause vision problems; but William
did not experience any visual impair-
ment. The results of the MRI verified
that there was indeed a pituitary tumor.
The doctors assumed that there was a
rupture in the pituitary gland at one
time, but that went unnoticed. Surgery
was immediately recommended to
repair the gland. During this time,
William had been feeling more tired
than usual, as well as a having a
decrease in appetite. He planned on
speaking with his doctor about this at
his next appointment, which was for a
routine colonoscopy. Before the cranial
surgery ever took place, the
colonoscopy was performed and to
everyone’s shock and disbelief, an
anorectal mass was discovered. This
was even more unexpected as William
never had signs of abdominal discom-
fort or rectal bleeding. 

During a nutrition counseling session
in August, William talked about how he
was feeling depressed due to his recent
medical diagnoses. He did however
acknowledge the importance of his

dietary intake and focused on prevent-
ing any weight loss. Two weeks later
when he returned, he had lost 10
pounds and was now 188 pounds. He
was under a lot of stress waiting for a
second opinion on surgery for the brain
tumor, which would likely take place in
October. He hadn’t been eating much
and was having a hard time keeping up
with medical appointments. Meanwhile,
the nutritionists at Iris House recom-
mended that he consume larger amounts
of high-calorie -protein foods, along
with nutritional supplements between
meals to prevent further weight loss. He
was also encouraged to talk to his doc-
tor about an appetite stimulant to help
increase his dietary intake. 

Soon after this follow-up, his case
manager notified the nutrition staff
about his recent doctor visit. The
anorectal cancer had metastasized to his
lymph nodes and he was to begin
chemotherapy and radiation soon. 

Two months after his September fol-
low-up, William came to Iris House to
speak with his case manager. He stated
that he weighed 164 pounds, losing 24
pounds within 11 weeks. He had a fair
appetite but did not want to take nutri-
tional supplements. By November, the
cancer treatment was initiated and
included a heavy dose of chemotherapy.
With a total of 10 weeks of radiation,
chemo was administered for the first
and last weeks, 24 hours a day. He
began taking an appetite stimulant but
didn’t notice a big difference. In
December, he followed up with nutri-
tion and weighed in at 154 pounds; he
lost another 10 pounds in a two-week
period. During a conversation with his
doctor, William stated he was concerned
about the drastic weight loss in recent
months. His doctor replied that if he
didn’t start eating more and gaining
weight, he “could die from malnutri-
tion” faster than from chemo. This trig-
gered a change in his attitude and
behavior as he began concentrating on

See HIV-positive, page 14)
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Pharmacokinetics, food and antiretrovirals: part II
By Katherine Lee, PharmD candidate1;
Stuart Katsh, RD2; James D. Scott,
PharmD1,2

1. Western University of Health
Sciences College of Pharmacy, Pomona,
Calif.

2. Jeffrey Goodman Clinic, Los Angeles,
Calif.

In part I of this report, general informa-
tion about pharmacokinetics of medica-
tions was reviewed. Part II will focus on
the pharmacokinetics of antiretrovirals
(ARVs) and the food-drug interaction
related to ARVs.

The human immunodeficiency
virus (HIV) is of great concern
due to its potential to lead to

acquired immune deficiency syndrome
(AIDS). Once a person is infected with
HIV, the virus attacks the portion of the
immune system whose primary function
is to protect host cell immunity. HIV
specifically binds to CD4 receptors,
which are commonly found on
macrophages, monocytes and T-cell
lymphocytes. After the HIV binds to
CD4 receptors, a co-receptor protein,
CCR-5 or CXCR-4, is needed for
attachment and then fusion and entry
into the host. (CCR-5 are present on the
surface of monocytes, macrophages,
and T-lymphocytes and CXCR-4 are
predominately on T-lymphocytes.) 

The new CD4-co-receptor complex
causes a conformational change in HIV
proteins, gp41 and gp120, resulting in
HIV fusing with the host cell and in
the release of viral contents (RNA and
enzymes) into the cell’s cytoplasm.
The single-stranded viral RNA is tran-
scribed into a double-stranded proviral
DNA by the RNA reverse transcriptase
(RT), which lacks a proofreading
mechanism, and thus allows for muta-
tions to occur. The newly formed
proviral DNA is incorporated into the
host DNA by integrase. The virus uses
the host cell’s enzyme system to its
advantage and replicates itself multiple
times. But before a fully functioning,

infectious HIV particle is formed, the
precursor protein (which contains the
HIV’s essential proteins connected in a
strand) is cleaved by the HIV protease
enzyme. After the virus matures, it can
bud off or break away from the host
cell. The new viral particles can infect
other host cells and repeat its lifecycle
(6). Although there is yet to be a cure
for HIV, four classes of antiretrovirals
(ARVs) are available in the United
States to help suppress the virus:
nucleoside reverse transcriptase
inhibitors (NRTIs), non-nucleoside
reverse transcriptase inhibitors
(NNRTIs), protease inhibitors (PIs) and
fusion inhibitors. NRTIs and NNRTIs
inhibit the reverse transcription by two
different mechanisms. NRTIs mimic
specific DNA components (nucleic
acids). During reverse transcription,
NRTIs compete with nucleic acids to
be incorporated into the proviral DNA
strand. Due to structural difference
between NRTIs and endogenous nucle-
ic acids, the addition of the NRTI into
the proviral DNA strand prevents sub-
sequent nucleic acids to be added. The
proviral DNA becomes truncated and
non-functional. Contrary to NRTIs,
NNRTIs are non-competitive inhibitors
of the reverse transcriptase enzyme
(RT). NNRTIs bind to a pocket of the
RT distant from the active site and
induces a structural change that
reduces the activity of RT (6). PIs pre-
vent the protease enzyme from cleav-
ing the HIV precursor protein into
functional proteins. Lastly, the fusion
inhibitor, enfuvirtide, prevents the
entry of the virus into the host cell by
binding to the gp41 protein of HIV and
inhibiting a conformational change in
GP41 required for fusion of the HIV
virus into the host cell (6). 

Why are the pharmacokinetics
of ARVs important?
Various factors can influence how effi-
cacious ARVs are. For instance, the
serum levels of the various ARVs may
be altered by food, antacids and other

drugs, including herbal supplements.
Many drugs used to treat infections that
occur in HIV patients have significant
interactions with ARVs. The CYP-3A4
enzyme metabolizes PIs as well as a
wide spectrum of other drugs. Activity
upon CYP-3A4 can induce or inhibit
other drugs, which are often referred to
as drug interactions. CYP-3A4
inhibitors will lead to an increase in the
overall drug exposure of affected drugs,
thereby increasing the likelihood of
drug efficacy, response and (potential)
toxicity. An inducer will result in lower
plasma levels, which can be problematic
in HIV therapy. Sub-therapeutic drug
concentration levels may result in
decreased drug efficacy and contribute
to the emergence of resistant strains of
HIV. 

Other possible interactions may be
the consequence of modified drug
absorption, altered ability of renal
excretion or drug displacement from
binding sites on plasma proteins. It is
important to educate patients of such
interactions. Secondly, ARV pharmaco-
kinetics are affected by inter-patient
variability. Inter-patient variability
refers to a difference in concentration of
ARV in the serum between two or more
individuals for a given dose. Lastly, the
ARV concentration in the serum can
affect the outcome of disease progres-
sion. With higher ARV concentration,
more side effects may arise. On the
other hand, if too low, resistance against
the ARV can result. 

Pharmacokinetics
NRTIs 
The nucleoside reverse transcriptase
inhibitors are effective against HIV.
Because these drugs are not metabo-
lized by the cytochrome P450 enzymes
(CYP-450), there generally are very
few significant pharmacokinetic drug
interactions. Instead, NRTIs are prima-
rily eliminated renally. After activation
of the drug, the NRTIs tend to be
sequestered inside the cell, resulting in
an extended T 1/2. 
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Zidovudine (commonly called AZT)
is absorbed rapidly. The first pass hepat-
ic metabolism reduces the bioavailabili-
ty of zidovudine to 64% (6). Food slows
its absorption but does not decrease the
AUC (6). Zidovudine can be adminis-
tered without regard to meals. It is not
absorbed in the latter parts of the colon,
preventing the development of extend-
ed-release formulations. Zidovudine can
cross the blood-brain barrier and into
the placenta. Zidovudine can also be
found in the breast milk, semen and
fetal tissue. Zidovudine is not signifi-
cantly bound to plasma protein. The
adverse effects of zidovudine are nau-
sea, fatigue and headache. Patients with
advanced HIV and very low CD4
counts can suffer from bone marrow
suppression (anemia and granulocytope-
nia) (6). 

Didanosine is sensitive to an acid
environment. The tablet formulation is
buffered with antacids to improve
bioavailability. Because of this buffer-
ing, it can decrease the absorption of
other drugs due to binding of the
antacid or altered pH. For instance, the
absorption of ciprofloxacin, ketocona-
zole, and itraconazole require an acid
environment. Dosing of these antibiotics
should be separated by two hours with
didanosine (6). However, this does not
apply to the new formulation of didano-
sine, the enteric-coated capsules. These
capsules do not need to be chewed like
the previous formulation. 

In addition, food decreases bioavail-
ability by 55% (6). As a result, didano-
sine must be administered 30 minutes
before or two hours after a meal. The
peak concentration is seen one hour
after administration of the tablet and
two hours after enteric-coated capsule.
The elimination T 1/2 is 1.5 hours for
plasma and 25–40 hours for intracellu-
lar concentrations (6). This allows
didanosine to be dosed once daily (for
both tablet and capsule formulations). 

Didanosine is eliminated renally and
must be adjusted for those with renal
impairment. Didanosine is not signifi-
cantly protein bound. The side effects of
didanosine are peripheral neuropathy
and pancreatitis from the mitochondrial

toxicity. Didanosine should be stopped
if this occurs or not used at all if there
is a history of prior peripheral neuropa-
thy or pancreatitis. Patients should
avoid consuming alcohol while taking
didanosine due to increased risk of pan-
creatitis, a serious and potentially fatal
condition (3). Other effects are hepatic
toxicity, elevated hepatic transaminases,
headache and diarrhea.

Stavudine is well-absorbed. Unlike
zidovudine and didanosine, its bioavail-
ability is not affected by food. Stavudine
is partially eliminated renally (40%) and
must be adjusted for renal insufficiency
(6). The stavudine dose must also be
decreased for patients with low body
weight (less than 60 kg.) to minimize
the likelihood of side effects. Stavudine
has low plasma protein binding (less
than 5%) but can penetrate into the CSF
and the placenta (6). Peripheral neuropa-
thy is most common and a serious side
effect of stavudine. The likelihood
increases with higher concentrations,
prior HIV-related neuropathies, and con-
current use of neurotoxic drugs (6).
Other side effects are lactic acidosis and
hepatic steatosis. When combined with
didanosine, the incidence of peripheral
neuropathy and pancreatitis increases.
Didanosine and stavudine should not be
used together.

Lamivudine has an 80% oral
bioavailability and is unaffected by
food. Lamivudine is eliminated
unchanged renally and must be adjusted
for decreased renal function. There is
no significant plasma protein binding.
Lamivudine can cross into the placenta,
but does not penetrate into the CSF.
There are minimal side effects associat-
ed with lamivudine. If taken at higher
doses than recommended, lamivudine
can cause neutropenia, headache and
nausea. Lamivudine and emtricitabine
have similar activity patterns and should
not be used together. Trimethoprim-sul-
famethoxazole can increase the plasma
lamivudine AUC by 43%, but no dose
adjustments are needed. Lamivudine is
also effective for HBV. When patients
co-infected with HBV discontinue
lamivudine, hepatitis B replication can
dramatically increase and worsen the

symptoms of hepatitis (6).
Abacavir is the only approved

guanosine analogue to treat HIV. The
oral bioavailability of abacavir is 80%
and is not dependent upon food intake.
Abacavir is metabolized by alcohol
dehydrogenase and glucuronidation.
Ethanol can increase the AUC of aba-
cavir and extends the elimination half-
life, but no adverse clinical events have
been reported. Fifty percent of abacavir
is bound to plasma proteins. The most
noted adverse event of abacavir is
hypersensitivity. Patients can experience
fever, abdominal pain and other gas-
trointestinal complaints, a mild macu-
lopapular rash and malaise or fatigue. If
these symptoms occur within the first
six hours, the patient needs to seek
immediate medical help and abacavir
should be discontinued. If abacavir is
restarted, hypotension, shock, and pos-
sibly death can result (6). 

Tenofovir has activity against HIV
and HBV. It mimics the nucleic acid.
Tenofovir has a low oral bioavailability
of 25%, which can be increased up to
39% with a high-fat meal. However,
tenofovir can be taken without regards
to a meal, as serum concentrations
remain sufficiently high without food
and higher levels have not been proven
to be associated with adverse events.
Tenofovir has a low plasma protein
binding. This drug can be dosed once
daily due to its slow elimination half-
life (14–17 hours for plasma and 11–49
hours for intracellular levels). Tenofovir
is eliminated renally and needs to be
decreased for patients with poor renal
function. In rare cases, acute renal fail-
ure has occurred. It should be used cau-
tiously in patients with pre-existing
renal disease. Tenofovir has significant
pharmacokinetic interactions with
didanosine and atazanavir, and may
have an interaction with low-dose riton-
avir. Tenofovir increases didanosine
AUC by 44% to 60%. As a result, the
dose of didanosine should be reduced to
250 mg./day. But when taken with
atazanavir, tenofovir decreases
atazanavir AUC by 20%. Tenofovir lev-

See Pharmacokinetics, page 10)



els can increase with low-dose ritonavir
even though tenofovir is not metabo-
lized by CYP enzymes significantly (6).  

The structure of emtricitabine is
similar to lamivudine. Consequently, it
exhibits similar properties, such as
activity against HIV and HBV.
Emtricitabine has a low affinity for
human DNA polymerases, so it’s less
toxic. It has a high oral bioavailability
(93%). Although food intake has no
effect on AUC, food can decrease the
Cmax. However, emtricitabine can be
administered without regard to meals. It
is not significantly bound to plasma
protein. Emtricitabine has a very long
elimination T 1/2 (eight to 10 hours for
plasma and up to 39 hours for intracel-
lular levels), so can be dosed once daily
(6). It is eliminated unchanged through
the kidneys. There are few significant
adverse events. If exposed to sun for an
extended period of time, those exposed
areas can become hyperpigmented.
Elevated hepatic transaminases, hepati-
tis and pancreatitis can occur when
taken with other drugs to cause these
events. When emtricitabine is discon-
tinued in patients co-infected with
HBV, HBV replication can be enhanced
(6).

NNRTIs 
All three NNRTIs are well-absorbed
from the gastrointestinal tract and then
metabolized hepatically via the CYP-
450 enzymes. They do not require phos-
phorylation to become active. The class-
wide side effects are elevated hepatic
transaminases and rash, which can vary
from a mild macular or papular erup-
tions to Steven-Johnson syndrome (very
rare). The appearance of a rash in itself
is uncommon; the likelihood of rash is
5%–16% (6). Aside from these similari-
ties, each drug has its differences.

Delavirdine is well-absorbed, espe-
cially in an acidic environment. Its
absorption may decrease with the use of
antacids, histamine H2-receptor antago-
nists and proton-pump inhibitors, or in
the achlorhydria setting. Delavirdine is
98% protein-bound, primarily to albu-

min. There is a low penetration of
delavirdine into the CSF and semen.
Delavirdine is both a substrate and an
inhibitor of CYP-3A4. Its metabolism
can be enhanced with potent CYP-3A4
inducers, like rifabutin or rifampin. As
an inhibitor of hepatic metabolism,
delavirdine can be used to prolong the
effects of protease inhibitors, but is
rarely used to do so. Delavirdine has the
shortest half-life in its class, two to 11
hours at steady state (6). Delavirdine is
not commonly used in the United
States. 

Efavirenz has an increased bioavail-
ability (up to 22% more) when taken
with a high-fat meal. Similar to delavir-
dine, it is very highly protein-bound and
has poor potent penetration to the CNS.
Interestingly, the majority of the toxici-
ties are CNS-related. Examples of such
CNS-related side effects include dizzi-
ness, impaired concentration, dysphoria,
vivid or disturbing dreams, insomnia,
depression, hallucinations and/or mania.
Patients generally tolerate symptoms
better with time and report resolution of
symptoms within the first four weeks of
therapy. Severe symptoms may require
more time to resolve. Therefore, it is
recommended that this drug be taken on
an empty stomach at bedtime. Efavirenz
is metabolized primarily through CYP-
2B4, and to a lesser degree by CYP-
3A4. Since the half-life is 40–50 hours
at steady state, its elimination is slow so
it allows for a once-daily dosing. This
half-life may be extended in persons of
African descent, due to genetic differ-
ences with Caucasians. Efavirenz is
known to be teratogenic. When exposed
to pregnant women in the first trimester,
efavirenz can cause malformations in
the brain and spinal cord of infants.
Women should use two forms of birth
control and avoid getting pregnant (6).

Unlike the previously discussed
NNRTIs, the bioavailability of nevirap-
ine is not affected by food or antacids,
and the plasma protein binding is only
60%. Nevirapine is metabolized by
CYP-3A4 and 2B6 (6). It is an inducer
of CYP-3A4, including its own metabo-
lism. As a result, it is recommended to
be dosed as 200 mg. once a day for 14

days, then increased to 200 mg. twice
daily. This helps to decrease the inci-
dence of rash with nevirapine. Its elimi-
nation half-life is 25–30 hours at steady
state (6).  

Protease inhibitors 
Protease inhibitors are characterized by
their varying bioavailability due to their
absorption from the gastrointestinal
tract and first pass metabolism by CYP-
3A4 in the gut and liver. There is also
significant inter-patient variability in
pharmacokinetics, which may reflect a
difference in CYP-450 enzyme activity.
PIs bind to plasma protein and p-glyco-
protein drug transporter, which can pre-
vent penetration into the brain (6). 

PIs are all inhibitors of the CYP sys-
tem, although to varying degrees and
with effects of varying enzymes within
this system. Ritonavir is the most potent
CYP-3A4 inhibitor, whereas saquinavir
has been determined to be the weakest.
PIs can induce CYP-3A4, but at varying
degrees. Of the approved PIs, ritonavir
and nelfinavir are both inhibitors and
inducers of various components of the
CYP system.

For instance, ritonavir is the most
potent inhibitor. At low doses, ritonavir
can combine with another PI to boost its
concentration. Low-dose ritonavir
inhibits the first pass metabolism and
clearance, which allows for better
bioavailability, a longer T 1/2 and a
decrease in dose and frequency. With
the exception of Kaletra® tablets, low-
dose ritonavir must be taken as an addi-
tional capsule with the PI being boost-
ed. Ritonavir, nelfinavir and amprenavir
can also induce hepatic enzymes. When
PIs are taken with CYP-450 inducers,
the PI concentration will be reduced,
which may lead to resistance. There are
common class-wide side effects, which
include gastrointestinal discomfort,
diarrhea, insulin resistance and lipoac-
cumulation.

The cleavage inhibition of the pre-
cursor proteins into the active compo-
nents by PIs results in the production of
non-infectious viral particles.

Saquinavir binds to the active site of
HIV protease. Saquinavir has very low
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bioavailability (4%). Saquinavir under-
goes extensive metabolism by intestinal
and hepatic CYP-450 enzymes.
Saquinavir should not be used with
CYP-3A4 inducers. Grapefruit juice can
inhibit intestinal CYP-3A4 but not
hepatic CYP-3A4. When saquinavir is
used with grapefruit juice, the AUC
increases up to three-fold (6).
Saquinavir inhibits CYP-3A4 the least
amongst the PIs. The elimination of
saquinavir occurs via biliary system.
Saquinavir has a very short T 1/2, so
must be dosed every eight hours unless
administered with low-dose ritonavir.
Low-dose ritonavir allows saquinavir to
be dosed once or twice daily. The
induction of saquinavir metabolism by
nevirapine and efavirenz can be negated
by the addition of low-dose ritonavir.
The most common dose effects with
saquinavir are nausea, vomiting, diar-
rhea and abdominal discomfort. Long-
term use can cause lipodystrophy (6).

Ritonavir is rarely used as a sole PI.
The bioavailability can decrease slightly
when taken with food (13% vs. 7%) (6).
There is high pharmacokinetic inter-
patient variability with ritonavir. It is
highly protein bound, particularly to
α1-acid glycoprotein. The most com-
mon side effect of ritonavir is gastroin-
testinal, such as nausea, vomiting, diar-
rhea, anorexia, abdominal pain, and
taste perversion. These side effects
increase with higher doses. 

Ritonavir undergoes metabolism pri-
marily by CYP-3A4, and slightly by
CYP-2D6 (7). This drug is then elimi-
nated in the feces. Ritonavir is a very
potent CYP-3A4 inhibitor which can
prolong the elimination of inhibited
drugs. This drug is typically used at low
doses to boost the concentration of
other PIs. Ritonavir should be used cau-
tiously with drugs that are CYP-3A4
substrates. Ritonavir can also mildly
inhibit CYP-2D6. Potent CYP-3A4
inducers will reduce ritonavir concen-
tration and should be avoided or dose-
adjusted. Another drug interaction is
derived from enzyme induction. 

Ritonavir can induce hepatic
enzymes, including CYP-3A4, and glu-
curonosyl S-transferase. The AUC of

ethinyl estradiol can be reduced by
40%. Patients should use a barrier form
of birth control in addition to any oral
contraceptives they may be taking.
Furthermore, ritonavir capsules and
solution contain alcohol, and thus,
should not be administered with disulfi-
ram and metronidazole (6).

Indinavir is absorbed rapidly.
Interestingly, food plays an important
role in absorption. Contrary to
saquinavir, a high-calorie, high-fat meal
can reduce indinavir concentration by
75%, whereas a light low-fat meal has no
effect on absorption. With low-dose
ritonavir, indinavir can overcome the
negative effects of food on absorption.
Indinavir should be administered on an
empty stomach. This medication has a
low plasma-protein binding (60%), but a
high CSF penetration. Indinavir is
metabolized by CYP-3A4 and then elim-
inated in the feces. Indinavir is a moder-
ate CYP-3A4 inhibitor. Since rifabutin
concentrations increase when co-admin-
istered, the rifabutin dose should
decrease 50%. CYP-3A4 inducers, such
as efavirenz and nevirapine, may require
an increase in indinavir dose. However,
rifampin is contraindicated with indinavir
since rifampin can decrease indinavir
AUC by 90% (6). In patients with liver
disease, the indinavir concentration can
be elevated and require a dose reduction.
Indinavir has a short T 1/2 and should be
dosed three times daily, unless boosted
by ritonavir. Common side effects asso-
ciated with indinavir are crystallization
in the kidneys (which arises from the
drug’s poor solubility) and the subse-
quent potential for nephrolithiasis.
Patients need to drink at least 2 liters of
water a day to prevent renal complica-
tions. Indinavir solubility decreases with
higher pH, so antacids or antacid-con-
taining drugs, such as didanosine tablets,
should be taken two hours before or one
hour after indinavir administration (6).
Hyperbilirubinemia can result, but does
not have serious consequences associated
with it. With prolonged use, lipodystro-
phy can occur. Hyperglycemia and der-
matologic complication, such as hair
loss, dry skin and ingrown toenails can
also result. 

Nelfinavir reaches peak concentra-
tion at two to four hours, which is slow-
er than other PIs. Its absorption increas-
es with a fatty meal and can vary among
people and within a person. A moderate
fatty meal increases AUC two- to three-
fold, and higher concentrations with
high fatty meals. It is recommended to
give with a high-fat meal containing at
least 500 kcal. twice daily (ideally, the
meals should contain 1,000 kcal.).
Nelfinavir is metabolized by CYP-2C19
and less by CYP-3A4 and 2D6. One of
the metabolites from CYP-2C19 is the
only known active PI metabolite.
Nelfinavir is an inhibitor of CYP-3A4,
but also an inducer of glucuronosyl S-
transferase and hepatic enzymes. The
concentration of oral contraceptives,
such as ethinyl estradiol and norethin-
drone can be dramatically reduced.
Patients should use a barrier method of
contraception. Nelfinavir can induce its
own metabolism. It is highly bound to
plasma proteins, mainly albumin and
α1-acid glycoprotein. Very little nelfi-
navir can penetrate into the CSF.
Nelfinavir is eliminated primarily in
feces. Nelfinavir is generally well-toler-
ated, except for diarrhea, which normal-
ly decreases to tolerable levels within a
month (6). Other side effects include
glucose intolerance, elevated cholesterol
levels, and eleveated triglycerides.
Nelfinavir is not teratogenic and can be
used with pregnant women (6). 

Fosamprenavir is the prodrug of
amprenavir. It is converted to amprenavir
by dephosphorylation in the intestinal
mucosa. The advantage of fosamprenavir
over amprenavir is the increased
bioavailability and water solubility. In
addition, fosamprenavir has a lower pill
burden and is better tolerated than
amprenavir. The absorption of fosampre-
navir is not affected by food. Amprenavir
is highly protein-bound, particularly to
α1-acid glycoprotein. Amprenavir is
metabolized by CYP-3A4 and then elim-
inated via the biliary tree. Amprenavir
can moderately inhibit and induce CYP-
3A4. For example, amprenavir signifi-
cantly increases atorvastatin, ketocona-
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zole and rifabutin, while decreasing
delavirdine and methadone. The main
adverse event of amprenavir is gastroin-
testinal, such as nausea, vomiting, diar-
rhea or loose stools (6). 

Lopinavir is chemically similar to
ritonavir, but more potent against HIV.
Lopinavir undergoes first-pass metabo-
lism, which dramatically reduces its
concentration. With 100 mg. ritonavir,
the AUC can increase up to 155-fold.
The new tablet formulation with riton-
avir further increases the AUC at steady
state by 41%. Lopinavir is rapidly
absorbed. While the original capsule
formulation of lopinavir/ritonavir (no
longer available) requires food for opti-
mal absorption and tolerability, the new
tablet formulations may be given with-
out regards to food. Lopinavir is metab-
olized by CYP-3A4 and highly bound
to plasma protein, especially α1-acid
glycoprotein. Metabolic inducers, such
as St. John’s wort, can decrease the con-
centration of lopinavir and its effective-
ness. Lopinavir is a weak metabolic
inhibitor; the main inhibition of CYP-
3A4 from the lopinavir/ritonavir combi-
nation is derived from ritonavir. Drugs
with narrow therapeutic indices (mida-
zolam, triazolam, propafenone, and
ergot derivatives) should be avoided.
This PI has a low penetration into the
CSF and semen as a result. Disulfiram
and metronidazole should not be admin-
istered with the liquid formulation of
lopinavir, because it contains 92%
ethanol. The most common side effect
is gastrointestinal, such as loose stools,
diarrhea, nausea and vomiting. Other
effects are elevated triglycerides and
total cholesterol (6). 

Atazanavir is absorbed rapidly after
oral administration and peaks two hours
after administration. The absorption is
dependent on food and pH. With a light
meal, the AUC increases by 70% but a
high-fat meal increases the AUC only
by 35%. Low-dose ritonavir can also
increase the AUC 2.5 times and the
Cmin 6.5 times. When administered
with H2 blockers and PPIs, the concen-
tration of atazanavir is reduced so H2

blockers and PPIs should be avoided
(H2 blockers may be OK if low-dose
ritonavir is used with atazanavir).
Atazanavir is metabolized by CYP-3A4
and CYP-3A4 inducers should be avoid-
ed (6). Atazanavir is a moderate
inhibitor of CYP-3A4 (6). Atazanavir
follows non-linear pharmacokinetics
(6). The T 1/2 increases from seven to
10 hours when the dose is increased
from 400 mg. to 600 mg. It is highly
protein-bound (86%), particularly to
albumin and α1-acid glycoprotein.
Atazanavir has poor penetration to CSF,
but high penetration to seminal fluid.
This drug can cause unconjugated
hyperbilirubinemia, but not associated
with other hepatotoxicity. The increase
in total bilirubin and the subsequent
jaundice that can occur is often used as
a marker of adherence. Other adverse
events that can potentially occur are
diarrhea and nausea. Unlike other PIs,
atazanavir has the lowest potential to
increase triglycerides and cholesterol
and to cause glucose intolerance or
insulin insensitivity (6). 

Darunavir is the most recently
approved PI. Darunavir is absorbed
within 2.5 to four hours after oral
administration. Darunavir is metabo-
lized by CYP-3A4. With low-dose
ritonavir, the concentration of darunavir
is boosted 37%–82%. The concentration
further increases by 30% when adminis-
tered with a meal. Darunavir is highly
protein-bound (98%), mainly to α1-acid
glycoprotein. The elimination T 1/2 is
approximately 15 hours, and darunavir
is eliminated predominately through the
feces. Darunavir has a sulfonamide moi-
ety and should be used cautiously in
those with sulfa allergies. The most
common adverse effects are diarrhea,
vomiting and abdominal pain.
Darunavir can cause hyperglycemia and
lipodystrophy (7).

Fusion inhibitor 
Enfuvirtide is a large synthetic peptide
that is administered as a 90 mg. subcu-
taneous injection twice a day. It has
been proven to be effective in treatment-
experienced adults with known mul-
tidrug-resistant HIV in conjunction with

an optimized regimen (6). Enfuvirtide is
available as a lyophilized powder which
must be reconstituted with sterile water.
Upon reconstitution, the solution should
be stored between 2–8°C and used with-
in 24 hours (9). Its subcutaneous
bioavailability is 84%, compared with
the intravenous route. The peak concen-
tration occurs about four hours after
administration. Enfuvirtide is 98% pro-
tein bound, primarily to albumin. Since
this drug is expensive to manufacture
and must be administered subcutaneous-
ly, its use has been reserved for those
who have failed other treatments (6).
Enfuvirtide is not an inhibitor of the
CYP-450 system (8). No significant
drug interactions have been observed
with enfuvirtide, although tipranavir has
been shown to increase enfuvirtide lev-
els. (The mechanism of this interaction
is not known at this time.) Enfuvirtide
has no food restrictions (6).

Combination products
When ARVs are not taken appropriately,
it can lead to progression of disease,
resistant strains, and growth of oppor-
tunistic infections (3). With the advent of
combination products, the pill burden has
been reduced and the ease of taking med-
ications has increased. Combination
products follow similar pharmacokinetics
and drug interactions as their component
products.

Food interactions 
Patients living with HIV need not only
to adhere to their ARV therapy, but also
meet their nutritional requirements to
strengthen their immune system to slow
the progression of HIV. In special cases,
other factors need to be considered as
well, such as psychological issues and
intra-household decision-making (3).
ARVs can influence the patient’s nutri-
tional status. For instance, PIs are
known to cause hyperlipidemia, hyper-
triglyceridemia and hyperglycemia.
These occur least commonly with
atazanavir. For hyperlipidemia, statins,
fibric-acid derivatives, nicotinic acid,
and bile-acid sequestrants may be
administered (lovastatin and simvastatin
should not be co-administered with pro-
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tease inhibitors due to the potential for
clinically significant drug interactions)
(9). Along with diet and exercise, met-
formin, sulfonylureas, thiazolidine-
diones, and insulin may help lower
blood glucose (10).  

Side effects, such as nausea or
anorexia may limit the amount of food
intake, whereas diarrhea and vomiting
can cause loss of nutrients (3). The
absorption of PIs may increase with
food due to a reduction in diarrhea. 

ARV medications may have food
intake restrictions due to the effect on
absorption. This food requirement may
be limited by specific pH environments.
Factors that reduce gastric acidity (such
as H2 blockers, PPIs, and antacids) have
been shown to significantly affect
atazanavir absorption. The absorption of
some of the HIV medications decreases
to non-effective levels while taken with
antacids, despite the fact that their
absorption is not pH dependent. The
absorption of some HIV medications,
such as delavirdine and fosamprenavir
is decreased when taken with antacids
containing aluminum or magnesium
carbonate (due to a binding of the
antacid to the ARV, which prohibits
absorption). Due to this, antacids
including Maalox®, Rolaids®,
Mylanta® and Tums®, should be taken
at least two hours before or one hour
after HIV medications. Grapefruit and
St. John’s wort inhibit the CYP-3A4
enzyme and prevent the elimination
process, which in turn, will increase the
bioavailability of many medications,
including the PIs and NNRTIs. The
increase in bioavailability may result in
increased side effects. 

Conclusion
Nutrition and antiretroviral therapy are
essential to the health of patients infect-
ed with HIV virus. Both need to be
used together appropriately to maxi-
mize outcomes and minimize the viral
load for the patient. Each ARV has a
unique pharmacokinetic profile.
However, food can affect the ARV effi-
cacy and tolerability. In addition to
food, other medications and co-morbid
disease states can influence the absorp-

tion (due to changes in gastric pH or fat
levels in the GI tract), distribution (due
to changes in serum protein levels),
metabolism (via induction or inhibition
of the CYP enzyme system), and elimi-
nation (by affecting the renal pH or
gastric emptying time). When used
together, nutrition and medications can
result in patients living longer, healthier
lives. 

Corresponding author James D. Scott,
PharmD, is assistant professor of phar-
macy practice at Western University of
Health Sciences College of Pharmacy in
Pomona, Calif. Contact him at
jdscott@westernu.edu.
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Perhaps one of the most
tangible daily benefits of
DPG membership is the
electronic mailing list
(EML), where members
can post questions, get
answers/ideas/sugges-
tions, share links to cur-
rent research and news
reports, and discuss any
topic related to HIV and
nutrition.

Joining the HIV/AIDS DPG
EML is easy! Go to
www.hivaidsdpg.org and
log into the "Members
Only" area (using your ADA
registration number). The
second option in the
Members area is the
HIV/AIDS DPG EML, which
will walk you through the
signup process. (You can
also modify your e-mail
address from this screen.) 

Be sure to reply to the e-
mail message you get
from Topica and you’ll be
added to the list.

Join fellow
HIV/AIDS DPG

members online!
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ADA has your Journal CPE costs covered!
ADA’s newest member benefit saves
you time and money as you complete
your continuing professional education
(CPE) requirements. Beginning with the
March 2005 issue, members can
receive up to four units of CPE at no
additional charge each month by read-
ing specified Journal articles and taking
the accompanying test.

Journal articles that meet your learning
needs and are identified as approved for CPE
credit are worth two CPEUs (continuing profes-
sional education units) each, and are classified
by the Professional Development Portfolio

(PDP) as “pre-approved, self-study.”

At no cost, and in the convenience of
your home or office, take advantage of a
number of self-study Journal articles for
your CPE needs.

Of course, for the Portfolio recertifica-
tion process, the articles need to match
the learning needs identified in your
learning plan.

With 24 Journal articles to choose from
annually and 120 articles in your five-year cycle,
you’re bound to find many that meet your partic-
ular needs.

his diet and making more of an effort to
consume additional food and supple-
ments, averaging four to five Ensure® a
day. 

He also started working closely with
a naturopathic registered nurse and for-
mer RD, a family friend whom he knew
for more than 30 years. She incorporat-
ed reiki, massage, reflexology, nutrition
and alternative medicine in her medical
treatment for him. She encouraged him
to consume a raw food diet, but he
knew he couldn’t commit to that.
Instead he included more organic foods
in his diet, with the addition of 8 ounces
of wheatgrass every day for a month.
She also had William take a daily regi-
men of a multivitamin, heavy does of
iron supplements (three to four per
day), cayenne pepper, and magnet thera-
py (four times per week) using a special
blanket and chest pad.  

During his chemo and radiation
treatments, massage therapy and medi-
tation became a part of his lifestyle.
Although William was dealing with so

much, his family supported him emo-
tionally and kept his spirits high. He
also kept busy with attending events
around town, such as concerts and
going to the theater. The treatments
were working well, shrinking the
tumors in his lymph nodes.

While the chemo and radiation were
doing their job, his appetite had become
so poor that his diet mainly consisted of
high kcal. smoothies. There was discus-
sion of utilizing tube feeding if he
couldn’t consume more calories. By the
end of December, his weight increased
to 167 pounds with the help of the
appetite stimulant and smoking marijua-
na. He had begun consuming three
meals and three Ensure® a day.  

In February of 2005, at 178 pounds,
he finished chemo and radiation with
few side effects and in good spirits. In
May, he had a biopsy for a final cancer
test and in June was told he was in
remission, weighing 195 pounds. As
for the pituitary tumor, the removal
was postponed until William finished
his cancer treatment. In July the tumor
was successfully removed. In

September, good news came. He saw
his oncologist who stated that he had
no expectations of the cancer ever
returning.  

As of now, William is in excellent
health. Our nutritionists see him on a
weekly basis and are always impressed
by his outlook on life; he has a lot to be
thankful for and it shows. His weight
now has remained stable between 193-
198 pounds. He is exercising regularly,
including daily walking and swimming
at his local recreation center. William
continues to consume a well-balanced
diet and remains true to his alternative
medicinal routine. He still continues to
include wheatgrass and magnet therapy
in his weekly regimen to ensure his
health stays strong. 

As an RD in the HIV care field, I
will always admire my clients who live
for their health and happiness. I confi-
dently believe that excellent nutrition
can improve one’s quality of life.
William is a perfect example of this. 

*Name has been changed for 
confidentiality. 

(HIV-Positive, from page 7)
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health problems as do people in the
United States, such as obesity, diabetes,
cancer and heart disease. China is becom-
ing a modern nation with all of the health
benefits and disparities that modern
nations have. The most important mes-
sage I came back with is that it is impera-
tive that the United States continues to

communicate and share knowledge with
the Chinese. Their knowledge, based on
thousands of years of trial and error can
be of great benefit to the U.S. health-care
system, and our technology can help the
Chinese utilize their wisdom. 

Barbara Craven, PhD, RD, LD, is
HIV/AIDS DPG chair-elect and is a 
consulting dietitian in Sacramento, Calif.

■ Tracking tools
■ Physical Activity Readiness

Questionnaire (PAR-Q) (easily found
with an Internet search) and physical
activity history

■ Specific, individualized activity plans
■ Promoting the buddy system
■ Completing a “Walkability Checklist”

(www.walkinginfo.org/walkingcheck-
list.htm)

■ A free copy of Exercise: A Guide
from the National Institute on Aging
(www.nih.gov/nia) 

■ Networking with trusted and qualified
fitness trainers

■ Applying for grant opportunities that
will fund physical-activity programs
and/or the purchase of equipment

■ Collaborating with community organ-
izations to provide more opportunities
for physical activity.

In addition to traditional nutrition
therapy, incorporation of physical activ-
ity recommendations is part of our
responsibility, and we can play a key
role in motivating and supporting our
clients.
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