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Exam 1
February 2, 2006
The exam consists of 10 questions on xx pages.  Show all work to receive credit.  Clearly organize your work and draw a box around your final answers.  NEATNESS COUNTS!  Good Luck!
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1. In class, we found that road traffic accidents are a leading cause of death for young people.  
a. How do motorcycle helmets work to save lives?  How did our demonstration with the egg illustrate this?

Motorcycle helmets extend the time that a passenger’s head comes to a stop during an accident, reducing the force that is experienced.  The egg thrown against the wall decelerated rapidly and broke.  The egg thrown against the sheet decelerated more slowly and did not break upon initial impact.
b. Why do factors which slow driver reaction time lead to increased crash frequency and crash severity?  Name three factors which slow driver reaction times.

When drivers anticipate a crash, they have time to brake (helping to avoid the crash) and reduce initial velocity (helping to reduce crash severity).
Factors which slow driver reaction time:


Alcohol use


Cell phone use


Poor visibility

c. Compare trends in motor vehicle related mortality rates in developed and developing countries over the past ten years.  What factors do you think contribute to these differences?
Motor vehicle fatality rates have decreased recently in many developed countries, yet fatality rates are increasing in developing countries.  In many developing countries advances in vehicle safety engineering, and legislation to require seat belt/helmet use have contributed to decreasing road traffic accidents.  In developing countries, it has been estimated that as many of 50% of vehicles may not have functioning seat belts.  

2. The AIDS pandemic is a worldwide problem.  An estimated 40 million people are living with HIV/AIDS and over 20 million deaths have been associated with this disease.

a. Which component of the immune system is selectively targeted and destroyed by HIV?

CD4+ T-lymphocytes
b. Sketch a plot showing (1) the viral load and (2) blood count of the cell type specified in part (a), over the time course of the disease.  On the plot identify the acute phase of the infection, the latent period, and full-blown AIDS.
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c. What is the approximate length of the latent period?  Can HIV be transmitted during this time?

The latent period last approximately 8-10 years and during this time the virus can be transmitted.  In fact, the virus can even be transmitted before a positive ELISA can detect HIV (during acute phase).

d. There are several potential strategies for preventing retrovirus replication.  On the diagram below, indicate (with arrows) three stages targeted and name the type of each type of inhibition.  (Hint: Drugs have been developed to interfere with 2 different parts of the replication process, and drugs blocking 2 other stages of the cycle are currently in development).  [image: image2.jpg]sSRNA
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e. Combination therapies have been successful in suppressing viral levels.  What is the name of the current treatment strategy and why is it so effective? You may want to reference Dr. McCurdy’s discussion for selecting treatment options for tuberculosis.
HAART (Highly active antiretroviral therapy) consists of three or more drugs, often two types of nucleoside analogs and one protease inhibitor.  In many cases HAART can lower the viral load to undetectable levels and has been the major factor in reducing the mortality rate for AIDS in recent years.  The combination strategy appears to overcome the ability of the virus to rapidly produce mutants that are drug resistant.

f. Discuss the WHO 3x5 initiative and comment on the current progress and challenges associated with this effort.

Distribution of medication in the regions most affected by the disease is the greatest challenge.  There are an estimated 6 million people infected with HIV/AIDS in developing countries.  In contrast to the Americas, where antiretroviral therapy is widely available (meets >75% of the need) drugs in Africa meet only 1% of the need.  The 3x5 initiative sought to provide HIV treatment to 3 million people by 2005.  The program reached 25% of its goal.
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3. In 1994, the WHO published estimates of the expected number of new cases of TB as well as deaths due to TB expected throughout the world in 1990, 1995 and 2000. In addition, the WHO published estimates of the fraction of these cases and deaths that were attributed to HIV co-infection.  The table below summarizes some of these data.  
TB Cases and Deaths in Africa
	Year
	New Cases of TB
	Incidence Rate per 100,000 population
	New HIV Attributed TB cases
	Deaths due to TB
	HIV Attributed TB Deaths

	1990
	992,000
	191
	194,000
	393,000
	77,000

	1995
	1,467,000
	242
	380,000
	581,000
	150,000

	2000
	2,079,000
	293
	604,000
	823,000
	239,000


TB Cases and Deaths in Industrialized Countries
	Year
	New Cases of TB
	Incidence Rate per 100,000 population
	New HIV Attributed TB cases
	Deaths due to TB
	HIV Attributed TB Deaths

	1990
	196,000
	23
	6,000
	14,000
	500

	2000
	211,000
	24
	26,000
	15,000
	2,000


(a) Compare the trends predicted in the incidence rate of TB in Africa to that seen in industrialized countries between 1990 and 2000.
(b) Calculate the predicted mortality rate of TB per 100,000 population in Africa in 1990 and 2000.  Compare that to the mortality rate of TB predicted in industrialized countries in the same period.
(c)  Do you think that increases predicted in the incidence of TB in Africa represent demographic changes or epidemiologic changes? Justify your answer. 
4. Cancer is the second leading cause of death in the United States and annually costs the health care system more than 100 billion dollars.

a. What type of cancer is responsible for the greatest number of deaths worldwide?

Lung cancer

b. Why is the mortality rate so high for this type of cancer?
We have no good tools for early detection.

Most lung cancers are identified at a stage when they have already metastasized to distant sites, and current therapies are ineffective.

c. Describe the stages of malignant tumor formation and metastasis.

Tumor originates from a single progenitor cell that has incurred some non-lethal genetic damage.  The transformed cell replicates uncontrollably, forming the primary tumor.  Cells migrate and invade the local circulation.  Cancer cells are carried to other locations in the body, where the cells extravasate and expand to form a metastatic tumor.
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5. It is sometimes said that “illness is a cause of poverty”.  
a. Explain what is meant by this saying in the context of what we learned in Units 1 and 2.  You may find it useful to use the specific example of malaria in your answer.  
b. How do health systems attempt to protect citizens from the financial burdens associated with illness? 
Serious illness often strikes without warning, and people without health insurance are expected to pay for their medical care at a time when they can least afford it.  Health systems attempt to prepay the costs associated with health care and to pool risk so that all citizens share in the cost of health care and they are protected from the unexpected financial burdens of illness. 
In developing countries affected by malaria, illness prevents people from being able to work. In addition, companies are reluctant to invest in areas that are affected by malaria, so these regions suffer an economic growth penalty of 3%/year – meaning that there are fewer jobs available.
6. Define each of the following types of health systems (one sentence each).  For each health system, give an example of one country which has that type of health system.  
a. Entrepreneurial health system:


- strongly influenced by market forces, some government intervention 


- United States, Philippines, Thailand, South Africa, Kenya, Bangladesh

b. Welfare-oriented health system:

- government mandates health insurance for all workers, often through intermediary private insurance agencies 


- Canada, Germany, Australia, Japan, Brazil, Egypt, Peru, Malaysia, India, Burma

c. Comprehensive health system:

- provide complete coverage to 100% of population, almost completely through tax revenues 

- United Kingdom, Spain, Greece, Costa Rica, Israel, Sri Lanka, Tanzania

d. Socialist health system:


- health services are covered by government and (theoretically) are free to everyone 


- Soviet Union, Cuba, North Korea, China, Vietnam

e. Compare and contrast the fraction of health expenditures which are paid for from private health spending and out-of-pocket health spending in entrepreneurial and welfare-oriented health systems in developed and developing countries. 
In developed countries with a welfare oriented health system, both private health spending and out-of-pocket health spending are low.
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In developed countries with an entrepreneurial health system, private health spending represents a fairly substantial fraction of total health spending, but out of pocket spending is low.

In developing countries with either type of health spending, private health spending generally represents a large fraction of total health spending and most private spending comes as out-of-pocket spending. 

7. When detected early, ovarian cancer is curable for 95% of women.  Unfortunately, in the majority of cases, ovarian cancer is not detected until widespread metastasis has occurred.  In this circumstance, ovarian cancer is fatal approximately 63% of the time.  The American Cancer Society estimates that there will be about 25,580 new cases of ovarian cancer in the United States in 2004. About 16,090 American women will die of the disease in 2004.  On average, 22 years of life are lost when a woman dies of ovarian cancer.  You have developed a new blood test that can detect ovarian cancer in the earliest possible stages.  Each blood test costs $200 to perform.  There are 292 million Americans, approximately 70 million of whom are women over age 40.  
a. How much money would we spend annually if all women over age 40 were screened with this new test?

Total spent = (70,000,000 women)x($200 per test) = $14 billion

b. Calculate the annual mortality rate of ovarian cancer without the use of the new test.  Compare this to the expected annual mortality rate of ovarian cancer with the use of the new test.

Without: Mortality rate = (25,580 cases)(.63)/292,000,000 = 5.5 x 10-5 = 5.5 per 100,000

With: Mortality rate = (25,580 cases)(.05)/292,000,000 = 4.3x10-6 = 4.3 per 1,000,000

c. If the new test was used, how many years of life would be gained?

Without: Years lost = (25,580)(.63) deaths x 22 years lost = 354,539 years lost
With: Years lost = (25,580)(.05) deaths x 22 years lost = 28,138 years lost

Years gained = 354,539 – 28,138 = 326,401 years gained

d. If this test was administered annually to all women over age 40, how many $ would we spend per year of life gained?  

$/year of life gained = $14 billion/326,401 years = 42,892 per year of life gained

e. Based on your answer to part d and our discussions in class, do you think this test would be adopted in the developed world?  In the developing world?  Explain your reasoning.

Developed world: yes because it is less than $100,000 per year of life gained

Developing world: definitely no because the cost of the test exceeds the total amount spent on health care per capita in many developing countries.  The Pap smear, which costs less than this, and is equally effective, is not used in many developing countries. 

8. Cholera infection can produce severe diarrhea.  The associated fluid loss can lead to severe dehydration and death if untreated.  

a. How does cholera produce such severe fluid loss?

Epithelial cells which line colon are responsible for fluid reabsorption

They reabsorb osmotically active products of digestion, sodium

Water follows

Toxins produced by bacteria bind to epithelial cells in gut and cause cells to secrete chloride and interfere with ability to absorb sodium( watery diarrhea

b. What is oral rehydration therapy and how does it prevent dehydration associated with severe diarrhea?
ORT consists of a solution of water, salt and sugar.  When given to patients with diarrhea, it can prevent dehydration. ORT is based on a discovery made in the 1950s, which identified a new method of sodium transport which depends on glucose.  This mechanism is not affected by bacteria which produce diarrhea.  Thus, providing glucose can increase sodium transport and promote water absorption.
9. List the four leading causes of death in developed and developing countries for the following age groups:
a. Ages 0-4:

Developing:

Perinatal conditions
Lower respiratory infections 
Diarrheal diseases
Malaria

Developed:

Perinatal conditions

Congenital anomalies

Lower respiratory infections

Unintentional injuries
b. Ages 45-59:

Developing:

Cardiovascular diseases 
Cancers 
Unintentional injuries
HIV/AIDS
Developed: 

Cardiovascular diseases 
Cancer
Unintentional injuries 
Digestive Diseases
c. Compare the differences in causes of mortality in these settings.  What is responsible for the differences?
10. Cardiovascular disease is the leading cause of death in the United States.

a. What are four major treatments for coronary artery disease?
Drugs to dilate coronary arteries
Clot busters to dissolve clots (TPA)

Open heart surgery (CABG)

Balloon angioplasty (PTCA)
Stents
b. Currently, coronary artery disease is diagnosed using coronary angiography, a painful and expensive technique.  You have just developed a new, painless technique to diagnose coronary artery disease.  The technique is also substantially less expensive than coronary angiography.  Somewhat surprisingly, some health economists predict that the introduction of your new technique will actually cause health care expenditures to grow.  Why might they make this prediction?

EXTRA CREDIT:

1. The "absolute poverty line" is the threshold below which families or individuals are considered to be lacking the resources to meet the basic needs for healthy living; having insufficient income to provide the food, shelter and clothing needed to preserve health.
According to the 2005 guidelines, what is the absolute poverty line for a family of 4 living in the United States (circle one):


$28,312


$19,350


$14,412


$9,236

2. Name two of our four TAs.
Jair Martinez
Stephanie Nemir

Darren Roblyer

Ryan McGuire

Latent period
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Integrase inhibitor (development phase)





Reverse transcriptase inhibitor: Nucleoside analog (ex. AZT) or


Non-nucleoside analog 


(ex. Nevirapine)





Protease inhibitor (ex. Indinavir)





Fusion inhibitor (development phase)
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