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Vital Statistics, 2002

• 280 million people
• 4 millions births
• 2.4 million deaths
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Leading Causes of Death, 2002

• Heart disease 696,947
• Cancer 557,271
• Stroke 167,677
• Chronic lower resp. diseases 124,742
• Accidents 106,742
• Diabetes 73,249
• Influenza/Pneumonia 65,681
• Alzheimer's 58,866
• Nephritis 40,974
• Septicema 33,865
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Distribution of Deaths by Age

• Age Fraction of 
deaths

<1 1.1%
1-14 0.5%
15-24 1.4%
25-34 1.7%
35-44 3.7%
45-54 7.1%

• Age Fraction of
deaths

55-64 10.4%
65-74 17.3%
75-84 28.9%
85+ 27.9%

74.1% of deaths are to 
people aged 65+
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Leading causes of death, 2002

StrokeUnintentional 
Injury

Suicide3

CancerHeart DiseaseHomicide2

Heart
Disease

CancerUnintentional 
Injury

1

65+ years 
of age

45-54 years of 
age

15-24 years 
of ageTop 3
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Actual Causes of Death

1,060,000  (48%)1,060,000  (50%)Total
17,000  (<1%)20,000  (<1%)Illegal drugs
20,000  (<1%)  30,000  (1%)  Sexual Behavior
29,000  (1%)35,000  (2%)Firearms
43,000  (2%)25,000  (1%)Motor Vehicles
66,000  (3%)60,000  (3%)Toxic agents
75,000  (4%)90,000  (4%)Micorbial agents
85,000  (5%)100,000  (5%)Alcohol 

400,000  (17%)300,000  (15%)Diet/inactivity
435,000  (18%)400,000  (19%)Tobacco

# (% of deaths)
2000

# (% of deaths)
1990Cause of death
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What causes big changes in life expectancy?

• Most deaths are to the elderly
• But, when an infant dies, you add a small 

number to the numerator in a life expectancy 
calculation

• Big changes will be generated by
– Changes in the infant mortality rate
– Changes in mortality for the elderly which are a 

large fraction of deaths
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Numeric Example

• Population with 100 people
• 10% die at age 1 

– ~ the 1900 infant mortality rate)
• If they survive, they live to age 75
• Life expectancy = (.1)(1) + (.9)(75) = 67.6

• Suppose infant mortality rates drops to 1%
– ~ the 1980 Infant mortality rate

• Life expectancy = (0.01)(1) + (.99)(75) = 74.3

15 16
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Improvements in heart attack treatment

• In 1950s, standard treatment was bed rest
– Medical textbook in the 1950s, “..bed rest for at 

least 6 weeks should be planned…”
– Today we know bed rest is counter productive

• Now, right after heart attack
– Patient is administered blood thinners (aspirin, 

heparin)
– Beta blockers to make heart work more efficiently
– Thrombolytics to dissolve clots
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• Variety of surgical procedures to deal with 
blockages
– Cardiac catheterization (detects extent of 

blockage)
– CABG (coronary artery bypass surgery) 
– Angioplasty (balloon inserted into blocked artery 

and expanded to reduce clot)
– Stents can be inserted to maintain bloodflow

19 20

% Adults 20-74 with High Cholesterol 
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Smoking Prevelance for Adults, 1965-2003
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Example:  AIDS Drugs

• Through 2003
– 929,000 people diagnosed with AIDS
– Over half have died

• AIDS caused by HIV
– about 1 million people HIV+
– Infection that weakens resistance to infection by 

reducing CD4 counts
• Before mid 1990s, 

– 30% of AIDS patients died each year

24

• Treatment prior to mid 90s
– Treat opportunistic infections caused by 

weakened immune system
– 4 drugs that were designed to reduce spread of 

virus in host (e.g. AZT)
– Not particularly effective

• Mid 1990s
– Major advances in pharmaceutical treatments
– Epivir (nucleoside reverse transcription inhibitor)
– Protease inhibitors
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• New drugs
– Prevent virus from replicating in patients
– Work very well

• Increase CD4 counts
• Suppress viral load to zero for many patients

• Immediate results
– Drugs released in Nov 1995 – June 1996
– Mortality rates fell 70% in a three-year period

26
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Describing determinants of mortality in 
a cross section

28

% that Died in Next 5 Years, 
Adults, 40-64 Years of Age, NLMS 

• By sex
– Males 6.9%
– Females 3.6%

• By race
– Black 7.1%
– White 4.9%

• By ethnicity
– Non-hispanic 5.2%
– Hispanic 4.2%

• By marital status
– Not married 7.0%
– Married 4.6%

• By education
– < HS 6.9%
– HS 4.4%
– College 3.6%

• By Income
– < $25K 6.0%
– $25-$50K 3.4%
– >$50K 2.7%
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Five-Year Mortality Rates, NLMS
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Five-Year Mortality Rates, NLMS
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Gompertz Equation

• 1825 British actuary Benjamin Gompertz
• "the number of living corresponding to ages 

increasing in arithmetical progression, 
decreased in geometrical progression." 

• geometrical decrease in survival with age 
existed because of a geometric increase in 
the "force of mortality"
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• Ma = ceba

• Ma = mortality rate at age a
• a = age 
• c = initial mortality rate
• b = Gompertz parameter – exponential rate of 

change in mortality with age

• Note that if y=ebt

• Then ln(y) = bt
• ln(Ma) =ln(c) + ba
• Log mortality rates are linear in age
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Income/Health Relationship

• Health improves with income
• But at a decreasing rate

– dH/dI > 0
– d2H/dI2 < 0

• Relationship is true for
– Nearly all measures of health
– For all subgroups (by sex, race, age, etc)
– For nearly all populations
– For nearly all time period
– For nearly all countries

• Similar relationship with education
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Income

Health

I1 I1+d

H1

H2

I2 I2+d

H3

H4
H=f(I)

35 36
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Percent Died within 5 years of Survey, Males 
NLMS

12.35.11.4$50,001 +

15.36.81.8$25,001 to
$50,000

20.610.83.10  to 
$25,000

65-74 years 
of age

55-64 years 
of age

35-54 years 
of age

Income
Group

-42% -25%-37%

-22% -25% -19%
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Percent Died within 5 years of Survey, Males 
NLMS

13.76.51.4College 
graduate

18.78.52.4High school 
graduate

22.111.73.8Less than 
high school

65-74 years 
of age

55-64 years 
of age

35-54 years 
of age

Education
Group
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Percent Died within 5 years of Survey, Females 
NLMS

8.04.00.9College 
graduate

9.74.31.3High school 
graduate

11.76.02.0Less than 
high school

65-74 years 
of age

55-64 years 
of age

35-54 years 
of age

Education
Group

40

30-55 year olds, BRFSS 2004
(% answering yes)

16.6%21.4%15.6%13.4%5.0%>$50K

16.0%28.1%27.3%24.7%12.3%$25K –
$50K

13.7%31.4%35.3%40.5%34.5%<$25K

Binge 
drink in 
past 30Obese

Current 
smoker

No exer
in past 

30 days

Fair or 
poor 

health
Income
Level
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30-55 year olds, BRFSS 2004
(% answering yes)

13.8%18.0%11.3%12.7%5.2%16+ 
years

16.5%28.7%28.7%25.3%14.8%12-15 
years

15.1%30.8%35.1%47.8%39.1%<12 
years

Binge 
drink in 
past 30Obese

Current 
smoker

No exer
in past 

30 days

Fair or 
poor 

health
Educ
Level
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Deaton and Marmot Papers

• Questions to consider for class
• What are the possible mechanisms through 

which income (or education) can improve 
health?

• What data supports or refutes each of these 
hypotheses?
– List possible explanations
– Give some evidence for and against
– Decide whether the pathway is a causal 

mechanism

47

What do we mean by causal pathway?

• If causal, we assume that health is 
determined by income
– For example, H=f(Income)

• Therefore, dH/dI>0  
– An exogenous change in income will alter health

• Example:  Suppose we change social 
security benefits – if income is causal, 
should alter mortality of the elderly 
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Random assignment clinical trial

• New drugs that lower cholesterol
• Recruit N people with high cholesterol

– ½ in treatment (receive active ingredient)
– ½ in control (placebo)

• Measure cholesterol levels before the start of 
treatment

• Then again after a specified time
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Difference in Difference

ΔΔM
ΔMt – ΔMc

Difference

ΔMc =
Mc2 – Mc1

Mc2Mc1Group 2
(Control)

ΔMt =
Mt2 – Mt1

Mt2Mt1Group 1
(Treatment)

Difference
3 months 
later

Before
Treatment
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Why is it hard to determine whether the 
income/health relationship is causal

• Many factors that determine high income
– Drive/ambition/intelligence/risk 

taking/luck/background
• Many of these same factors can also impact 

health
• Therefore, we do not know whether income 

is causing better health, or some third factor 
that is unmeasured
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What can explain the income/health 
relationship

• Insurance?
• Maybe explained by poor health habits 
• Work/neighborhood characteristics?
• Just explaining education/health relationship
• Could be reverse causation – low income is 

caused by poor health?
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Average ln(Weekly Wages) vs Educ
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It is not just missing education

0.70.9$20K-$25K

0.60.7$25K-$50K

1.01.3$15K-$20K
1.92.3$10K-$15K
2.73.3$5K - $10K

4.7% points 
higher

5.3 % points 
higher

<$5000

Control for 
education

Do not control 
for education

Income

Difference in mortality compared to 
people with >$50K in income
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Uninsurance Rates, 2003

• By age
– 18-34   25%
– 35-54   15%
– 55-64   11%

• By labor income
– <$20K   34%
– $20K - $40K   17%
– >$40K               6%

• Poverty status
– <100% FPL        50%
– 100-200% FPL   41%
– 200-300% FPL   22%
– 300-400% FPL   13%
– >400% FPL           6%

• By work status
– Full time/full year    15%
– Full time/part year   29%
– Part time/full year    23%
– Part time/part year   24%
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Why is it not insurance?

• The income/health gradient is observed in 
the elderly – which have universal health 
insurance (Medicare)

• The gradient is observed in countries like 
Canada and England – countries with 
national health insurance

• McKeown – improvement in health care 
explain little of the increase in life 
expectancy over time
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Poor health habits

• Definitely true – the poor have worse health 
habits than the rich

• Poor have
– Higher smoking, lower exercise, higher obesity, 

higher fat diets, eat less fiber, higher cholesterol 
levels, etc.

• Once you control for poor health habits, 
does not dampen the income/health 
relationship much
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Reverse causation

• Could also be the case that poor health 
impacts income

• Health shocks reduce ability to work, 
lowering income

• Therefore, much of the observed relationship 
could be due to reverse causation.
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Earnings in 10 years prior to death for individuals that died while aged 45-49 (DEAD sample) 
and for ages 37-47 for comparable individuals that survived to age 47 (COMPARISON samples)
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Note: the COMPARISON samples were constructed computing average annual earnings for ages 37 to 47, for individuals that survived 
up to age 47. In the COMPARISON cohort sample, individuals were weighted in order to match the distribution by cohort in the DEAD 
sample. In the COMPARISON cohort-education sample, individuals were weighted to match the distribution by cohort and education in 
the DEAD sample.
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Evidence against reverse causation story

• Can look at mortality rates and control for 
income and education

• If the primary driver of income/health 
relationship are poor health shocks (people 
get sick and cannot work), we should see the 
income/health relationship diminish over 
time
– Poor health shocks are mostly temporary, so the 

relationship should diminish over time as we 
follow people
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• Double income, mortality increases by
– 27% in one year
– 25% in 2 years
– 25% 3-5 years
– 17% in 5-9 years
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Why might education be causal?

• Educated may better understand the 
production of health
– That exercise is good, smoking is bad, high fiber 

is good
– Everyone knows smoking is bad for you, yet low 

educated still smoke at very high rates
• Educated may also better able to invest in 

health 
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• Patience is an important characteristic for predicting 
future income
– Patience=high discount rate
– A patient person will invest now for return in the future
– The inpatient will not
– Without investments in skill, wages will be low

• The same can be said for in health
• Patient may invest more in health
• Maybe education is simply picking up patience
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Paradox

• At the individual level, income appears to be  
‘protective’
– Those with higher incomes have lower mortality

• At the country level, once income passes a 
certain threshold, appears to be little benefit 
to more income

• Why?
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• How might there be a reverse causation 
between health and income?  Might it be the 
case that poor health reduces income?

• What psycho-social factors does Marmot 
argue explain the income/health 
relationship? 
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Two facts

• Within country, strong relationship between 
income/health, education/health
– True at all levels of income
– Even when income is at a high level, mortality 

falls with higher incomes
• Between countries, once income crosses 

certain threshold, little relationship
– Marmot places that number at $50K
– Look at Graph, somewhere around $30K/capita

• What can explain these facts?
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Whitehall study

• Longitudinal data of British civil servants
– High income, stable employment, good 

neighborhoods, universal health insurance
• Even in this incredibly homogenous, well to 

do group, relative standing matters
• Mortality is correlated with employment 

grade

68
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What might explain this relationship?

• Social standing matters – that is – relative 
position within a community

• Why?
– Stress of being left behind, not keeping up with 

the Jones, not being in control of your destiny
– Maybe take comfort in cigarettes, alcohol, dish of 

ice cream
• Income is a measure of social standing.  No 

picking up causal impact of income, but 
rather, social standing
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This may explain cross-country/within 
country results

• Within a country, income is measuring 
relative social standing

• We should expect to see a strong + 
relationship between income and health

• However when comparing across countries 
income means little since people in US 
compare themselves to people in the US, 
people in Korea use Koreans as their frame 
of reference 
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Example

• Suppose all income in a country is increased 
by 10% over a 10 year period

• If income is causal, then mortality for all 
people should fall

• Suppose relative standing matters
• Then there should be little change in 

mortality since relative ranking has not 
changed
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