
INSTITUTE OF OCCUPATIONAL MEDICINE www.iom-world.org  

Occupational Epidemiology 
Webinar 

Prof. Damien McElvenny 

Damien.McElvenny@iom-world.org 

20 February 2020 

mailto:Damien.McElvenny@iom-world.org
mailto:Damien.McElvenny@iom-world.org
mailto:Damien.McElvenny@iom-world.org


What is epidemiology? 



Epidemiology 

• Epidemiology is the study of how often 
diseases occur in different groups of people 
and why 

• It’s an observational, rather than 
experimental science 
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Historical Background 

• Occupational hazards were known to 
Hippocrates (c460-370 BC) 

• Admonished physicians to explore patients’ 
environmental, lifestyle and vocational 
backgrounds when diagnosing and treating 
diseases 

• Bernadino Ramazzini (often acknowledged 
as the father of occupational medicine) 

• Described occupationally related                  
diseases in his book De Morbis                   
Artificum (1700) 
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What were the earliest 
recognised occupational 
diseases? 



Early Examples of 
Occupational Diseases 

 

• Respiratory impairment (silicosis)               
in stonemasons 

• Ocular disorders in glassblowers 

• Neurological toxicity among tradesmen 
exposed to mercury 

 

• The recognition of many well-known 
occupational hazards can be traced to 
astute physicians or to workers themselves  
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Development of Methods 

• Many occupational health risks initially 
identified by case series or clusters, for 
example: 

• Ludwig Rehn in 1895 observed 3 cases of 
bladder cancer in workers exposed to aromatic 
amines in a fuschin dye factory 

• Rare tumour of the blood vessels in the liver, 
angiosarcoma, among workers exposed to vinyl 
chloride 

 



Types of epidemiological 
approach 
Descriptive epidemiology  

 
• Describing patterns and trends in health and disease in 

populations 
• Good for generating hypotheses  

 
The 5W's of descriptive epidemiology: 

 
What = health issue of concern 
Who = person 
Where = place 
When = time 
Why/how = causes, risk factors, modes of 
transmission 

 



John Snow – cholera 
outbreak  

Analysis by place  
• Mapped the 

cases – most 
were near 
Broad Street 

• Thus 
outbreak was 
traced to the 
Broad Street 
water pump 
 
 

  

 
 

 



Types of epidemiological 
approach 

Analytical epidemiology – observational 
studies  

• To test hypothesis (e.g. generated by 
descriptive epidemiology) - is exposure ‘x’ 
associated with disease ‘y’ 

• Key feature of analytic epidemiology is a 
comparison group 

• Comparison of exposed and unexposed 
groups, or  comparison of low exposure, 
medium exposure and high exposure groups 

• comparison of those with and without 
disease 

 



Types of analytical studies 

• Cross-sectional studies 

• Case-control studies 

• Cohort studies 

 

 

Short-term (acute) health effects 

Longer-term (chronic) health effects 

 



Cross-sectional studies 

• Information on health and exposure is 
collected from each subject in a population 
at one point in time 

 

• Statistical tests of association between 
exposure and health outcome 

 

 

 

 



Example – Carbon 
Black  
• European cross-sectional study 

• Total population approx. 2500 

• Workers in carbon black 
manufacturing industry 

• Exposure to dust and respiratory 
symptoms 

• Lung function measurements 

• Respiratory symptoms 
questionnaire 

• Chest radiographs 

• Personal dust measurements 

 

Carbon black is mainly used as a reinforcing filler in tyres and other rubber products.  

In plastics, paints, and inks, carbon black is used as a colour pigment. 



Results Carbon Black 
study 
 Current Cumulative 

 OR 95% CI OR 95% CI 

Cough     

Ex-smoker 1.3 0.8-2.2 1.3 0.8-2.2 

 250 cig.yrs 2.7 1.6-4.5 2.8 1.7-4.6 

251-500 cig.yrs 4.0 2.5-6.6 4.1 2.5-6.7 

> 500 cig.yrs 11.0 6.8-17.7 11.1 6.9-17.9 

CB Exposure 1.4 1.2-1.8 1.1 1.0-1.1 
 

 Phase II 

 Current Cumulative 

  95% CI  95% CI 

FEV1     

Ex-smoker -0.01 -0.07, 0.06 -0.01 -0.08, 0.06 

 250 cig.yrs -0.06 -0.13, 0.01 -0.07 -0.14, 0.01 

251-500 cig.yrs -0.15 -0.23, -0.08 -0.16 -0.23, -0.08 

> 500 cig.yrs -0.34 -0.42, -0.27 -0.35 -0.42, -0.27 

CB Exposure
a
 -0.07 -0.11, -0.03 -0.01 -0.02, -0.00 

 



Case-control studies 

• Compares people with a condition (cases) to 
a similar group of people without the 
condition (controls) 

 

• The aim is to try and identify the risk 
factors which may have caused the cases to 
get the condition in the first place 

 

 



Case or disease 

Control or no 

disease 

Past 
exposures 
compared 

Is Exposure in cases greater than in controls?  

Case – Control design 

Groups 

Exposure to X 

Exposure to X 

Comparison 





Cohort studies 
• Follow up one or more groups people over time 

and compare the occurrence (incidence) of 
disease 

 

• Longitudinal – repeated measurements over 
time 

 

• One group has been exposed to a possible risk 
factor for the disease, while the other has not 

 

• Prospective, retrospective 

 

 

 



Exposed 

Unexposed 

Incidence of 
Disease Y 

Incidence of 
Disease Y 

Members 

followed over 

time 
Comparison 

Is Incidence in Exposed greater than in Unexposed?  

Cohort study design 

Groups 



High Exposure 

Low Exposure 

Incidence of 

Disease Y 

Incidence of 
Disease Y 

Members 

followed over 

time 

Comparison 

Does Incidence increase with increasing exposure?  

Medium 
Exposure 

Incidence of 
Disease Y 

Comparison 

Cohort study design  

Groups 



Example Cohort study  

• DEMS: Exposure to diesel engine exhaust in 
miners and risk of developing lung cancer 

• Retrospective cohort study of 12315 workers 
in 8 non-metal mines 

• Exposure to respirable elemental carbon (REC) 
was assessed retrospectively 

• Vital status assessed end 1997 and causes of 
death obtained from national statistics 

Vermeulen et al 2010 

Attfield et al 2011 





Advantages and 
disadvantages? 

 

 

(Mis)Classification of exposure?  

Study design 

Cross-

sectional 

Case-control 

Cohort 

Advantages 

Relatively cheap and quick 

 

Can look at multiple outcomes 

Good for rare diseases or 

diseases with a long latency 

period 

Clearer indication of cause and 

effect 

 

Can look at multiple outcomes 

Disadvantages 

Can’t determine cause and 

effect 

 

Timing of the snapshot not 

guaranteed to be representative 

Not good for rare exposures 

 

Can only look at single outcome   

Can be expensive and time 

consuming 

 

Not good for rare diseases  



Exposure measures 
(occupational) 
• Occupation, job, industry 

• Ever / Never 

• Duration of employment 

• Intensity of agent 

• Exposure level (e.g. mg/m3) 

• Duration of exposure (e.g. years) 

• Cumulative exposure (e.g. mg/m3 – 
years) 

 



Relative Risk 

• The ratio of the probability of a disease 
occurring in an exposed group to the 
probability of the same event occurring in a 
comparison, unexposed group 

• Cohort studies 

• Standardised mortality/morbidity ratio 

• Standardised rate ratio 

• Case-control studies 

• Odds ratio 

• A RR>1 indicates increased risk of disease 
in exposed (need to consider – usually 95% 
CIs - as measures of uncertainty) 
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Measures of disease 
frequency 
Two main measures 

• Incidence - number of NEW CASES of 
disease that develop in a population during 
a specified time period 

 

• Prevalence - total number of cases of 
disease in a population at one point in time 

 

• Usually expressed as rates (which have a 
numerator and a denominator)  

 

 

 



Incidence 

Usually expressed as the number of new cases per 100,000 
population per year. 
 
For example:  Incidence rate of asthma in England in 2012: 

Number of new cases of asthma during 2012 =  146,000 

England population in 2012 (mid-year estimate) =  
53,490,000  

 

Incidence rate = (146,000/53,490,000) x 100,000  

Incidence rate = 273 cases of asthma per 100,000 during 
2012. 



Prevalence 

• Prevalence is the total number of cases of 

disease in a population at one point in time, 

taken as a proportion of the total number of 

persons in that population. 

 

• Also referred to as “point prevalence” 

 

• Period prevalence is a variation which 

represents the number of persons who were a 

case at any time during a specified (short) 

period  as a proportion of the total number of 

persons in that population. 



Example – incidence and 

prevalence  
Cases of cold infections in students. Class size = 20 

January February March 

What is the incidence in February? 

What is the point prevalence on the last day in February?  

What is the period prevalence during February? 



What issues might we encounter 

when calculating disease 

incidence rates?   
Numerator (case)? 

• How do you define your case?  

• Misclassification of disease 

• Under/over-reporting 

Denominator (population)?  

• How do you define your population at risk? 

•  e.g. the population at risk at the beginning, or 
the mid-point of the year, or the total person-
time at risk. 

• Lag periods – long latency diseases 

 

 



Suppose we observe a difference in 

incidence of disease between exposed and 

unexposed groups.  

 

Possible explanations 

 

Exposure is a cause of disease 

Confounding (a type of bias)  

Other biases in design  

Chance association 

 

 

 



Bias, confounding and effect 
modification 
• Bias: Systematic error in design, recruitment, data 

collection or analysis that results in mistaken 
estimation of true effect. 

 

• Confounding: A situation in which the effect or 
association between an exposure and outcome is 
distorted by the presence of another variable.  

 

• Effect modification: a variable that differentially 
(positively and negatively) modifies the observed 
effect.  Different groups have different risk 
estimates when effect modification is present. 
 



Confounding - 
example 

Exposure: 

Alcohol 

consumption 

Health effect: 

Throat cancer    
        

Possible 

Confounder: 

Smoking 

hypothesis 

Existing 

knowledge 

To be a confounder the variable (smoking) must influence/be associated 

with both the dependent variable (throat cancer) and the independent 

variable (alcohol consumption) 



Estimated percentage increase in mortality over the 
ensuing one-month period associated with a 10µgm-3 
increase in the mean black smoke concentration on any 
given day, at each Carstairs Category 
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Socio-economic status is modifying the effect of black smoke on 

respiratory mortality 



Bradford-Hill 
considerations 

• Strength: A small association 

does not mean that there is not a 
causal effect, though the larger the 
association, the more likely that it 
is causal. 

• Consistency: Consistent 

findings observed by different 
persons in different places with 
different samples strengthens the 
likelihood of an effect. 

• Specificity: Causation is likely if 

there is a very specific population at 
a specific site and disease with no 
other likely explanation. The more 
specific an association between a 
factor and an effect is, the bigger 
the probability of a causal 
relationship. 
 

• Temporality: The effect has to 

occur after the cause (and if there is 
an expected delay between the 
cause and expected effect, then the 
effect must occur after that delay). 

• Biological gradient: Greater 

exposure should generally lead to 
greater incidence of the effect.  

• Plausibility: A plausible 

mechanism between cause and 
effect is helpful  

• Coherence: Coherence between 

epidemiological and laboratory 
findings increases the likelihood of 
an effect.  

• Experiment: "Occasionally it is 

possible to appeal to experimental 
evidence". 

• Analogy: The effect of similar 

factors may be considered. 

 



Future of Occupational 
Epidemiology 
• New substances/agents to study 

• Having to identify smaller and smaller risks 

• Mixtures remain a problem 

• Molecular approaches for exposure and 
disease markers 

• Exposome (conception to grave exposures) 

• Analysis of workplace inteventions 



Thanks for your attention! 
 
Happy to take questions! 



Reserve Slides 



How many people suffer 
from a work-related 
disease in GB? 



1.3 million! 



What are the most 
common occupational 
diseases in the UK? 



Most common 
occupational diseases 

Disease Estimate Comment 

Musculoskeletal disorders 539,000  

   80% of the total Stress, anxiety and depression 488,000 

Cancer 13,500 Not necessarily fatal 

Non-malignant asbestos-related 

lung diseases 

2,000 Deaths, larger number of 

non-fatal cases 

Chronic obstructive pulmonary 

disease 

4,000 Deaths, larger number of 

non-fatal cases 

Other lung diseases 2,000 Deaths, larger number of 

non-fatal cases 

Skin problems 6,000 New cases 

Noise-induced hearing loss 20,000 

Hand-arm vibration/carpal 

tunnel syndrome 

1,200 Likely to be an 

underestimate 



Occupational Diseases 

• Can’t always be counted and so often have 
to be estimated from population surveys or 
epidemiological studies (using attributable 
fraction approach) 

• Some haven’t been well quantified, for 
example 

• Reproductive effects 

• Neurological effects 

• Cardiovascular disease 
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What are results used 
for? 
 
 
• Ultimately to limit exposures to workers by 

banning substances or limiting occupational 
exposures 

• Hierarchy of control 

• Elimination 

• Substitution 

• Engineering controls 

• Signage/warnings and/or administrative controls 

• Personal protective equipment 
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Study interpretation 

• Does the exposure cause the disease? 

• In some cases (see earlier examples) it can 
be obvious, for example 

• Acute disease occurring in temporal/physical 
proximity to occupational hazard 

• Some conditions e.g. pneumoconiosis can only 
be defined by occupational exposure (to dust) 

• Much of occupational epidemiology research 
addresses the relative contributions of 
workplace exposures on health outcomes 
that have occupational and non-
occupational causes  
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Systematic Review/Meta-
analysis 

 

• A systematic review collects and critically 
analyses results of all studies addressing a 
particular research question.  A systematic 
methodology is applied to prevent 
(sub)conscious bias. 

• Meta-analysis is a statistical procedure used 
to explore why different studies produce a 
different relative risk 

• Some think it’s a means of estimating a single 
overall measure of effect 

• This is too simplistic and can be misleading 
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