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Week 1
8th to 10th September

0 Module 0: Introduction to Biostatistics

Course Goal Understand common epidemiological study designs and basic biostatistical analysis methods
that can be used to answer questions in health research.

Every day we make decisions that affect our health and wellness1

• Exercise lowers risk of depression at all ages, researchers find.

– 150 minutes of activity each week is beneficial, but doing less still has positive effects.
Amina Zafar · CBC News · Posted: 24th April 2018 | Last Updated: 24th April 2018.

• Fewer hospital stays for asthma reported for Canadian children and teens.

– Research says more than half with asthma don’t have it under control.
CBC News · Posted: 26th April 2018 | Last Updated: 26th April 2018.

• Prescription to slow worsening myopia in Canadian kids? Head outdoors.

– Nearly 130 % of children 11 to 13 are near-sighted, study finds.
CBC News · Posted: 21st April 2018 | Last Updated: 23rd April 2018.

• Opioid-related deaths nearly tripled in Ontario from 2000-2015.

– It’s time ‘to get past the stigma of drug use being among addicts,’ scientist says.
The Canadian Press · Posted: 27th April 2018 | Last Updated: 27th April 2018.

• EU member states urged to develop co-ordinated vaccine plans for measles, flu, and other diseases.

– Several EU nations are facing unprecedented outbreaks of measles — a highly contagious disease
that can kill.
Thomson Reuters · Posted: 26th April 2018 | Last Updated: 26th April 2018.

• Lung cancer patients live longer with immune therapy, study suggests.

– Immune therapy treatments worked for only about half of patients, but that’s far better than chemo
has done.
The Associated Press · Posted: 16th April 2018 | Last Updated: 16th April 2018.

Formulating a Research Question23

Lung cancer patients live longer with immune therapy, study suggests. Immune therapy treatments worked
for only about half of patients, but that’s far better than chemo has done.
The Associated Press · Posted: 16th April 2018 | Last Updated: 16th April 2018.

• Population: Patients diagnosed with lung cancer (advanced non-small-cell lung cancer with no previous
treatment).

• Exposure: Treatment with Immune therapy (with chemo vs chemo alone).

• Outcome: Overall survival.

• Timeframe: One year following diagnosis (study was conducted February 2016 to March 2017).
1Headlines taken from CBC on 30th April 2018.
2News Article: https://www.cbc.ca/news/health/keytruda-1.4621895
3Original paper: https://www.nejm.org/doi/full/10.1056/NEJMoa1801005
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Example: Electronic cigarette use and smoking

Research Question: Is e-cigarette usage in youth associated with the initiation of cigarette smoking?

• Consider the following paper recently published by UW researchers.

• The full text of the paper is available through the course e-reserves.
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T he prevalence of cigarette smoking has declined in Can-
ada, from about 50% in the 1960s to 13% in 2015.1 As in 
most other countries, the majority of Canadian smokers 

begin smoking during adolescence, and reductions in the preva-
lence of cigarette smoking in Canada have been achieved primar-
ily through declining rates of smoking initiation among youth.1

The emergence of vapourized nicotine products — widely 
referred to as electronic cigarettes or e-cigarettes — has provided 
consumers with an alternative means of nicotine intake. The use 
of e-cigarettes is largely concentrated among adult smokers, most 
of whom report using e-cigarettes to quit smoking or for the pur-
pose of smoking reduction.2,3 However, substantial proportions of 
youth also report using e-cigarettes. In Canada, about 20% of 
youth aged 15–19 years report “ever trying” e-cigarettes, including 
14% of youth nonsmokers, similar to estimates from the United 
Kingdom and the United States.3–7 Although many Canadian youth 
try e-cigarettes, fewer report regular use.3 For example, in a recent 
study of Canadian youth, only 0.2% of all youth — and 2% of those 
who had tried e-cigarettes — reported daily use.8

Studies have consistently shown a strong association between 
e-cigarette use and cigarette smoking.3,9–11 In addition, US studies 

have suggested that the availability of e-cigarettes has expanded 
the nicotine market: rather than simply substituting e-cigarettes 
for cigarette smoking, the total number of youth using any type of 
nicotine product has increased for the first time in decades.12

The extent to which e-cigarette use is causally related to 
smoking initiation remains a source of considerable debate. To 
date, 4 studies have examined the temporal order between e-
cigarette use and smoking initiation. Three studies involving US 
secondary students found that “ever” users of e-cigarettes at 
baseline were more likely to report smoking cigarettes 
12  months later.13–15 In addition, a smaller study of secondary 
students in California found that students who reported “ever” 
using e-cigarettes at baseline were more likely to report using 
cigarettes, cigars, pipes and shisha at follow-up, compared with 
a matched sample of “never” e-cigarette users.16

Although longitudinal studies have been conducted in the US, 
the Canadian market is distinct in several important ways. In Can-
ada, federal regulations require premarket approval for nicotine-
containing e-cigarettes, and no products have received approval 
in Canada to date. Although e-cigarettes with nicotine are widely 
available through vape shops and online, supermarkets and other 
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ABSTRACT
BACKGROUND: The influence of e-
cigarette use on smoking initiation is a 
highly controversial issue, with limited 
longitudinal data available for examin-
ing temporal associations. We examined 
e-cigarette use and its association with 
cigarette-smoking initiation at 1-year 
follow-up within a large cohort of Can-
adian secondary school students. 

METHODS: We analyzed data from stu-
dents in grades 9–12 who participated 
in 2 waves of COMPASS, a cohort study 
of purposefully sampled secondary 
schools in Ontario and Alberta, Canada, 
at baseline (2013/14) and 1-year follow-
up (2014/15). We assessed cigarette 

smoking and e-cigarette use at baseline 
and follow-up using self-completed sur-
veys. We used generalized linear mixed-
effects models to examine correlates of 
past 30-day e-cigarette use at baseline 
and smoking initiation between waves 
within the longitudinal sample.

RESULTS: Past 30-day e-cigarette use 
increased from 2013/14 to 2014/15 (7.2% 
v. 9.7%, p < 0.001), whereas past 30-day 
cigarette smoking decreased slightly 
(11.4% v. 10.8%, p = 0.02). Among the 
44 163 students evaluated at baseline, 
past 30-day e-cigarette use was strongly 
associated with smoking status and 
smoking susceptibility. In the longitudinal 

sample (n = 19 130), past 30-day use of 
e-cigarettes at baseline was associated 
with initiation of smoking a whole ciga-
rette (adjusted odds ratio [OR] 2.12, 95% 
confidence interval [CI] 1.68–2.66) and 
with initiation of daily smoking (adjusted 
OR 1.79, 95% CI 1.41–2.28) at follow-up.

INTERPRETATION: E-cigarette use was 
strongly associated with cigarette smok-
ing behaviour, including smoking initia-
tion at follow-up. The causal nature of 
this association remains unclear, 
because common factors underlying the 
use of both e-cigarettes and conven-
tional cigarettes may also account for 
the temporal order of initiation.

• Population: Canadian secondary school students (age 15–19, grade 9–12 in Alberta and Ontario).

• Exposure: E-cigarette usage at baseline (2013/14 school year).

• Outcome: Cigarette smoking initiation 1-year later (by 2014/15 school year).

• Timeframe: One year of follow-up.
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who became former smokers, 10  (25.6%) reported past 30-day 
e-cigarette use at baseline and 6  (15.4%) reported past 30-day 
e-cigarette use at follow-up. Of the 349 respondents who remained 
current smokers, 116 (33.2%) reported past 30-day e-cigarette use 
at baseline and 130 (37.2%) reported past 30-day e-cigarette use at 
follow-up.

Interpretation

The current study is among the largest longitudinal studies of e-
cigarette use and cigarette-smoking initiation to date. The findings 
are consistent with those of other surveys conducted in Canada, 
which have shown increasing rates of e-cigarette use among youth: 

Table 3: Between-wave smoking initiation* in the COMPASS follow-up (2014/15) longitudinal 
sample, Ontario and Alberta, Canada (n = 17 318)

Characteristic (at baseline)

No. (%) within category 
who initiated smoking 

by follow-up

OR (95% CI)

Unadjusted† Adjusted‡

Age, yr

≤ 14 436/5936 (7.3) 1.0 (ref) 1.0 (ref)

15 511/5845 (8.7) 1.23 (1.07–1.41) 1.08 (0.94–1.25)

16 397/4464 (8.9) 1.27 (1.10–1.47) 1.04 (0.89–1.21)

≥ 17§ 105/1073 (9.8) 1.43 (1.13–1.79) 1.02 (0.80–1.32)

Sex

Female 683/9289 (7.4) 1.0 (ref) 1.0 (ref)

Male 766/8029 (9.5) 1.37 (1.22–1.52) 1.44 (1.28–1.62)

Race/ethnicity¶

White 1143/13 423 (8.5) 1.0 (ref) 1.0 (ref)

Black 42/562 (7.5) 1.00 (0.72–1.40) 1.03 (0.72–1.45)

Asian 44/925 (4.8) 0.62 (0.45–0.85) 0.67 (0.72–0.93)

Aboriginal 58/328 (17.7) 2.04 (1.50–2.77) 1.29 (0.93–1.80)

Latin American/Hispanic 21/274 (7.7) 0.98 (0.62–1.54) 0.71 (0.44–1.15)

Other/mixed 140/1735 (8.1) 1.00 (0.83–1.20) 0.95 (0.78–1.16)

Spending money, $

0 224/3342 (6.7) 1.0 (ref) 1.0 (ref)

1–20 454/6048 (7.5) 1.14 (0.96–1.34) 1.00 (0.84–1.20)

21–100 416/4077 (10.2) 1.57 (1.32–1.86) 1.25 (1.04–1.50)

> 100 193/1473 (13.1) 2.05 (1.67–2.52) 1.53 (1.22–1.91)

Don’t know/not stated 162/2378 (6.8) 1.01 (0.82–1.25) 1.02 (0.82–1.28)

Smoking status

Never tried, not susceptible 364/11 075 (3.3) 1.0 (ref) 1.0 (ref)

Never tried, susceptible 562/4719 (11.9) 3.95 (3.44–4.53) 3.86 (3.36–4.43)

Puffer 523/1624 (34.3) 15.08 (12.97–17.53) 13.56 (11.60–15.85)

Past 30-day e-cigarette use

No 1313/16 831 (7.8) 1.0 (ref) 1.0 (ref)

Yes 136/487 (27.9) 4.81 (3.90–5.94) 2.12 (1.68–2.66)

Note: CI = confidence interval, OR = odds ratio.
*Among those who had never smoked a whole cigarette at baseline, but had smoked a whole cigarette at follow-up; n = 1992 had already 
initiated smoking at baseline and were excluded from this measure.
†From separate generalized linear mixed models for initiating smoking between waves, including only the listed covariable, with school as a 
random effect (n = 17 318 for all models except race/ethnicity; n = 17 247 for race/ethnicity model). 
‡From a generalized linear mixed model for initiating smoking between waves, including the covariables in the table, with school (n = 86) as 
a random effect (n = 17 247). 
§Categories for age 17 and age ≥ 18 were combined because of low numbers for the latter category (n = 8).
¶Information on race/ethnicity was missing for 71 participants; these  were excluded from the multivariable model. 
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Example Data Analysis (Module 2)

E-cig Usage E+ 136 351 487→27.9 %
E− 1313 15518 1638→7.8 %

Smoking Initiation Status
D+ D−

Relative Risk = 136/487
1313/16831 = 3.58

Youth who used e-cigarettes had 3.58 times the rate of smoking initiation one year later versus those who did
not use e-cigarettes.

Week 2
13th to 17th September
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1 Module 1: Measures of Disease Frequency

1.1 Incidence and Prevalence Rates
How do we measure and evaluate patterns of disease within a population?

Prevalence, new cases and deaths from HIV/AIDS, World, 1990 to 2017
To fit all three measures on the same visualiza�on the total number of people living with HIV has been divided by
ten (i.e. in 2017 there were 37 million people living with HIV).

1990 20171995 2000 2005 2010
0

500,000

1 million

1.5 million

2 million

2.5 million

3 million

3.5 million
Number of people living with HIV
(x10)

New infec�ons of HIV/AIDS

Deaths from HIV/AIDS

Source: IHME, Global Burden of Disease CC BY

Primer on HIV/AIDS

• HIV (human immunodeficiency virus) is a virus that attack’s the body’s immune system.

• HIV is spread through sexual contact, sharing needles, and mother-to-child transmission during pregnancy,
childbirth, or breastfeeding.

• Infection with HIV can lead to AIDS (acquired immunodeficiency syndrome).

• Individuals with AIDS are at increased risk of infection and infection-related cancers.

• Currently, no cure exists, but antiretroviral therapy can slow the progression of the disease.

1.1 Incidence and Prevalence Rates

Goal: How do we measure and evaluate patterns of disease within a population?

• Prevalence: The proportion of the population currently affected by a disease.

• Incidence: The rate at which new cases of a disease develop in a population.
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Number of people living with HIV/AIDS 1990–2017

Number of people living with HIV, 1990 to 2017

1990 20171995 2000 2005 2010
0

1 million

2 million

3 million

4 million

5 million

6 million

South Africa

India
Kenya
United States
Zambia

China

Namibia
Canada

Source: IHME, Global Burden of Disease OurWorldInData.org/hiv-aids • CC BY

Prevalence

Prevalence: The proportion of the population currently affected by a disease.

Point Prevalence
per 1000 =

Number of cases (new and pre-existing) in the
population at a fixed point in time

Number of individuals in the
population at a fixed point in time

× 1000.

Period Prevalence
per 1000 =

Number of cases (new and pre-existing) in the
population over a given time period

Number of individuals in the
population over a given time period

× 1000.
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Prevalence of HIV/AIDS 1990–2017

Share of the population infected with HIV
The share of people aged 15 to 49 years old who are infected with HIV.

1990 20171995 2000 2005 2010
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Source: Ins�tute for Health Metrics and Evalua�on (IHME) OurWorldInData.org/hiv-aids • CC BY

Annual new cases of HIV infection, 1990–2017

Number of new cases of HIV, 1990 to 2017
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Source: IHME, Global Burden of Disease OurWorldInData.org/hiv-aids • CC BY

Cumulative Incidence

Incidence: The rate at which new cases of a disease develop in a population over a specific time period.
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Cumulative Incidence
per 1000 =

Number of new cases in the
population over the time period of interest

Number of individuals at risk in the
population at the start of the time period of interest

× 1000.

• Assumes all subjects remain in the population and at risk for the entire time period.

• Easily violated: Births, deaths, immigration, emigration, case diagnosis.

• Consider two ways to refine the denominator calculation.

1. Use a mid-interval population estimate.
2. Calculate the total person-time at risk in the population.

Incidence Density or Incidence Rate

Incidence Density
per 1000 =

Number of new cases in the
population over the time period of interest
Mid-interval estimate of the population

× 1000.

• 3,218 new cases of HIV in Canada, 2016.

• 36,264,604 July 1, 2016 Canadian population estimate.

Incidence Density
per 100,000 = 3, 218

36, 264, 604 × 100, 000 = 8.873666.

• The incidence of HIV infection in Canada in the year 2016 was 8.87 cases per 100,000 persons.
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Incidence of HIV per 1,000 uninfected adults, 2000–2017

Incidence of HIV per 1,000 uninfected adults, 2000 to 2019
Number of new HIV infec�ons among uninfected popula�ons ages 15-49 expressed per 1,000 uninfected
popula�on in the year before the period.

2000 20192005 2010 2015
0

5

10

15

20

South Africa
Zambia
Namibia

Kenya

Northern America

Source: UNAIDS CC BY

Person-time at risk

• To account for varying time periods of risk we consider an alternative denominator for our incidence
calculation.

• Person-time at risk is the duration of time an individual is at risk for developing a disease.

• Assuming they are initially disease free, it is the length of time from baseline until the first of:

1. They develop the disease of interest and become a case.
2. They cease to be at risk of becoming a case due to either death from unrelated causes or they leave

the population.
3. The end of the time period of interest is reached.

• Total person-time at risk is the sum of the individual contributions over the population.

Incidence Density or Incidence Rate

Incidence Density
per 1000 =

Number of new cases in the
population over the time period of interest

Mid-Total person-time at risk in the
population over the time period of interest

× 1000.

• Incidence density estimate is more precise than cumulative incidence, but may be harder to get information
needed, so this measure is often used for small populations.

• Expressed as per 10x person-years (-month, -day).
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Relationship Between Incidence and Prevalence

Relationship Between Incidence and Prevalence

• Incidence: the rate new cases are diagnosed in a population.

• Prevalence: the proportion of the population currently affected by the disease.

Prevalence ≈ Incidence × Disease Duration

• Relationship is approximate but generally holds well if prevalence is low (< 10%) and duration is fairly
constant (or an average can be taken).

• Note: units must be consistent in order to perform the multiplication operation.

Prevalence, new cases, and mortality for HIV/AIDS

Prevalence, new cases and deaths from HIV/AIDS, World, 1990 to 2017
To fit all three measures on the same visualiza�on the total number of people living with HIV has been divided by
ten (i.e. in 2017 there were 37 million people living with HIV).
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Source: IHME, Global Burden of Disease CC BY
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Exercise: Incidence and Prevalence Calculations

Total population size of 100. Histories of 12 subjects with disease are below. Subjects 13–100 do not have the
disease during the year of study. (△ Diagnosis; × Death)

Subject Diagnosis △ Death ×
1 < January 1
2 < January 1 April 30
3 < January 1
4 < January 1
5 < January 1 June 30
6 March 1 October 31
7 May 1
8 May 1
9 July 1
10 July 1 October 31
11 NA May 1
12 NA September 1

13–100 NA

Time
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1

Jan 1 Mar 1 May 1 Jul 1 Sep 1 Nov 1 Jan 1

• Point Prevalence on July 1.

• Period Prevalence (Jan 1 to Dec 31)

• Cumulative Incidence (Jan 1 to Dec 31).

• Incidence Density (Jan 1 to Dec 31).
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Point Prevalence
on July 1 = # cases in the pop on July 1

# indv in the pop on July 1
× 1000 = 8

97 × 1000 = 82.47 per 1000 persons.

Period Prevalence
(Jan 1-Dec 31) = # cases during Jan 1-Dec 31

# indv in the pop Jan 1-Dec 31
× 1000 = 10

100 × 1000 = 100 per 1000 persons.

Cumulative Incidence
(Jan 1-Dec 31) = # new cases during Jan 1-Dec 31

# indv at risk on Jan 1
× 1000 = 5

95 × 1000 = 52.63 per 1000 persons.

Incidence Density
(Jan 1-Dec 31) = # new cases during Jan 1-Dec 31

July 1 population size
× 1000 = 5

97 × 1000 = 51.55 per 1000 persons.

Incidence Density
(Jan 1-Dec 31) = # new cases during Jan 1-Dec 31

Total person-years at risk Jan 1-Dec 31
× 1000

= 5
88 + (34/12) × 1000 = 55.05 per 1000 p-y.

1.2 Standardization of Rates: Indirect Methods
Mortality Rates

• Mortality rates are a type of incidence rate, event = death.

Annual Crude Death
Rate (CDR) per 1000 = Number of deaths during the year

Mid-year population size
× 1000.

• Denominator approximates person-years at risk.
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