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Last week

Measuring the occurrence of disease in a population

• Incidence

• Prevalence

• Risk (= new cases/population)

• Rates (= new cases/person time)



Mortality



Why do we care about 
mortality?

• Death is the final outcome of health/disease states
• Indicator of health of the population 
• “Yard stick” used to evaluate health over time
• Easily measured because unambiguous (e.g,. compared to 

cancer staging)

• Vital statistics collected by government agencies
• National vital statistics system
• https://www.cdc.gov/nchs/nvss/index.htm

https://www.cdc.gov/nchs/nvss/index.htm


National Death Index
National-level mortality data help track the characteristics of 

those who have died, monitor and make decisions about public 
health challenges, determine life expectancy, and compare death 

trends with other countries.



COVID-19 as a leading cause of 
death



Death certificates



Mortality Surveillance

Cancer death rates for men, 1930-2007



Mortality
Cumulative mortality: incidence proportion (risk), death is the event of 
interest 

=Number of deaths/total population size**

Mortality rate:  incidence rate of death
=Number of deaths/person years

Case Fatality=  Percentage of people who have the disease of interest that die 
within a certain time after diagnosis:

(Number of individuals who die during ___ time after diagnosis)

Number of people in population with disease



Mortality denominators

• Can be challenging to estimate the total population 
size if the population is changing over time

• For a fixed cohort, or a short time window, can use the 
total population size

• For an open cohort, or a longer time window, use the 
mid-year population size as an average 
• This is what we do for annual mortality rates



___-specific mortality

• When interested in understanding the mortality 
experience of a particular segment of the population 
(men, women, >65 years)
• Careful to stratify both the numerator and denominator

• Can also examine cause-specific or disease-specific 
mortality 

• Infant mortality rate is an important metric used to 
compare health status across different countries



Maternal Mortality

Maternal mortality is 
defined as a death that 
occurs to a woman as a 
direct result of obstetric 
complications or 
indirectly as a result of 
pregnancy-induced 
exacerbation of pre-
existing medical 
conditions, but not as a 
result of incidental or 
accidental causes 



Mortality health disparities
• Measures of mortality are an important indicator of health 

disparities
• Health disparities are preventable differences in the burden of 

disease or opportunities to achieve optimal health that are 
experienced by socially disadvantaged populations

• Health disparities adversely affect groups of people who have 
systematically experienced greater obstacles to health

• Disparities à differences between racial or ethnic groups, but 
other dimensions as well, such as gender, sexual orientation, age, 
disability status, socioeconomic status, and geographic location



Health disparities and maternal 
health

• Reasons for health disparities in 
maternal health are 
multifactorial
• Access to care 
• Poor quality care (monitoring)
• Socioeconomic variables
• Racism in clinical assessment 

and evaluation 
• Undervaluing Black women’s 

experiences and voices

“…their odds of surviving childbirth are 
comparable to those of women in countries 
such as Mexico and Uzbekistan, where 
significant proportions of the population live in 
poverty…” (WHO)



Serena Williams

“She walked out of the hospital room so her mother 
wouldn’t worry and told the nearest nurse, between 
gasps, that she needed a CT scan with contrast and 
IV heparin (a blood thinner) right away. The nurse 
thought her pain medicine might be making her 
confused. But Serena insisted, and soon enough a 
doctor was performing an ultrasound of her legs. “I 
was like, a Doppler? I told you, I need a CT scan and 
a heparin drip,” she remembers telling the team. The 
ultrasound revealed nothing, so they sent her for the 
CT, and sure enough, several small blood clots had 
settled in her lungs. Minutes later she was on the 
drip.”



Further Reading

Pro-publica and NPR have an 
excellent article on this topic:

“Lost Mothers”

https://www.propublica.org/artic
le/nothing-protects-black-
women-from-dying-in-pregnancy-
and-childbirth Dr. Shalon Irving



Case fatality rate*

• Proportion of individuals with a specific disease who 
die from that disease

*not an actual rate, more appropriate name would be 
case fatality ratio

• Denominator is different than mortality rate (# 
individuals with the disease vs. # individuals in 
population)

• E.g., case fatality rate from Ebola (2014) was ~50%



Proportionate Mortality

• The proportionate mortality is defined as the number of deaths due to a 
particular cause in a given year divided by the total number of deaths in that 
year

= deaths from cause D / deaths from all causes

• Must sum to 100%



Proportionate mortality ≠ 
mortality rate

Is the risk of dying from heart disease in community A 2x higher 
than in community B?

=0.10 x 0.03 = 0.20 x 0.015



• Changes could be due to 
increase or decrease in 
other causes of death 
• Since proportionate 

mortality sums to 100%

Factors that affect 
proportionate mortality



Years of Potential Life Lost (YLL)

• Measure of premature mortality used for public health evaluation/policy

• Death occurring in the same person at a younger age involves a greater 
loss of future productive years than death occurring at an older age

Two step calculation

1. Subtract age of decedent from predetermined benchmark age (in the 
USA, standard is 75 yrs)

2. Sum the years lost for all members of the population who died from a 
particular cause 





Purpose of YLL

1. Priority setting –
research $ and 
policies

2. Time trends in 
premature mortality

3. Program evaluation 
(decreasing YLL)



Comparing across populations

• What if we want to compare measures of disease 
occurrence or mortality across populations (or across 
different time periods?)

• Very common type of question in epidemiologic 
research

• Ranking mortality rate for different countries
• Has the mortality rate in New York State increased or 

decreased over time? 



Direct and Indirect 
Standardization

Standardization is a set of techniques used to remove the 
effects of differences when comparing two or more 

populations.

• Will use age as an example for standardization throughout

Direct standardization: Rate of disease/death that would have 
been observed in the study population if it had the same age 
distribution as in the standard population

Indirect standardization: Compares the rate of death/disease 
observed in the population to the expected rate from the 
standard population



Is it more hazardous to live in 
Arizona than Alaska?

Alaska: 426.57 
deaths per 100,000

Arizona: 824.21 
deaths per 100,000
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Why standardize?

• Age distorts the comparison between populations

• How can we compare the death rate in these two 
populations?
• Need to use a method to adjust for the effect of age
• Age-standardization

• Standardization is a general technique that can be used 
to compare populations that differ (not just for age)



Direct Standardization
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• Re-compute rates 
with a common 
age distribution

• Use a standard 
population to 
remove the 
effects of any 
differences in age 
between the two 
populations being 
compared

Age distribution of USA, 1996



Direct Standardization

Populations 
of Interest

Standard 
Population

Age
Standardized 

Mortality 
Rates

Known age-
specific 

mortality rate

Known age 
distribution



Steps to Direct Standardization

Step 1: Calculate age-specific death rate in both populations for each age group
Population A: Age-specific death rate 0-24yr = (35/18000)= 0.00194
Population B: Age-specific death rate 0-24yr = (30/13000)= 0.00231

(Niang, 2000)



Steps to Direct Standardization

Step 2: Calculate the expected number of deaths per age group
Population A: Expected Deaths 0-24yr = (1.94*11000)= 21,340
Population B: Expected Deaths0-24yr = (2.31*11000)= 25,410

(Per 1000) (Per 1000)

(Niang, 2000)



Steps to Direct Standardization

Step 3a Add up the expected deaths and divide by standard population size
Population A:  21.34+ 92.65+ 822.20+249.99= 1186.18

Total age adjusted death rate for population A= 1186.18/51,000= 23.3 per 1000

(Per 1000) (Per 1000)



Steps to Direct Standardization

Step 3b: Add up the expected deaths and divide by standard population size
Population B:  25.41+ 121.38+ 727.20+285.00= 1158.99

Total age adjusted death rate for population B= 1158.99/51,000= 22.7 per 1000

(Per 1000) (Per 1000)



Crude vs. Standardized

Population A
(per 1000)

Population B
(per 1000)

Crude 17.44 24.57
Standardized 23.30 22.70 

Just looking at crude rates can be very misleading!



Choosing a Standard Population

Population pyramids by age 
group and gender



Indirect Standardization
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Indirect Standardization

• Used when the age-specific death rates are not known:

• Do men who work in automobile factories have a higher 
mortality rate than men in the general population?

• Do people who were affected by Hurricane Katrina have a 
higher mortality rate than the general population of 
Louisiana?



Steps to Indirect Standardization
Observed deaths in population A: 120

Observed deaths in population B: 30

(Niang, 2000)

These age-specific mortality rates are from the standard population



Steps to Indirect Standardization

Step 1: Calculate expected deaths in each age group
Population A: Expected deaths 0-24yr = (2000*4.0)= 8,000
Population B: Expected deaths 0-24yr = (1000*4.0)= 4,000



Steps to Indirect Standardization

Step 2: Sum the expected number of deaths in each population
Population A: Expected deaths= 8.0+ 17.5 + 35.0+ 135.0= 195.5
Population B: Expected deaths= 4.0 + 10.5 + 25.0+ 30.0= 69.5



Steps to Indirect Standardization

Step 3: Calculate the standardized mortality ratio (SMR)

SMR= Total number of deaths in the population 

Sum of all expected deaths

Population A: 
Observed deaths= 120

Expected deaths= 195.5

SMR= 120/ 195.5 = 0.61

Population B: 
Observed deaths = 30
Expected deaths= 69.5

SMR= 30/ 69.5 = 0.43



Life table analysis

• Form of survival analysis where survival times are 
grouped into intervals (most often age group)
• Measure of the health of a population - used to calculate 

life expectancy
• What is the probability of dying for individuals in a 

particular age group for a particular interval

• Can be used to calculate:
• Incidence rates or survival
• Life expectancy 
• Proportion of individuals still alive



Sample Life Table 

No migration, constant birthrate and deathrate



Sample Life Table 1
1. Age interval, x to x+n: Age 
interval between exact ages for 
each row of the life table

2. nQx: The proportion of the 
population in each age interval 
that are alive at the beginning of 
the interval, and dead before 
reaching the end of the interval. 

--Computed from the observed 
mortality rates of an actual 
population.



Sample Life Table 2
3. lx: The number of persons alive at 
the beginning of the age interval

4. ndx: The number of persons 
dying during the age interval

5. Lx: The total number of 
person-years in the stationary 
population for each age interval. 
It can be viewed as the average 
midyear population size



Sample Life Table 3
6. Tx: The total number of person-
years that would be lived for a 
particular age cohort if the cohort 
were to progress through the 
remainder of the life table. It is 
the cumulative sum of 
the nLx values.

7. e: Average number of years of 
life remaining for a person alive at 
the beginning of age interval x



Sample life table calculations 

Age-specific 
death rate

Steps:
1. Calculate nqx

(proportion dying in the 
age interval)



Sample life table calculations 

Age-specific 
death rate

Steps:
2. Use nqx to compute lx 

(The number of persons 
alive at the beginning of 
the age interval)

3. 



Sample life table calculations 

Age-specific 
death rate

Steps:
4. Compute the person-

years of life in the 
indicated age interval 
(nLx)



Sample life table calculations 

Age-specific 
death rate

5. In Column 6, compute 
the cumulative person-
years of life after a 
specified age (Tx):



Sample life table calculations 

Age-specific 
death rate

6. The final column of the 
life table (Column 7) is 
the expectation of life at 
specified ages



Other calculations 

• Life tables can also be 
used to calculate:
• Risk = # deaths in an 

interval/ # individuals at 
risk

• Survival (pt) = 1-risk
• Cumulative survival (Pt) = 

product of survival 
probabilities for each age 
interval



Reproduced from: The New Yorker, November 29, 2010 issue. Author: Graham Wilson. 


