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Outline of my lecture

• What is a record linkage study (= registry study)?

– What is a register?

• How to use registers in occupational health research

– How to use registers in research 

– Where to find occupational exposure data 

– Job-exposure matrix (JEM)

• Strengths and limitations of register-based research data



What is a register?

• Usually administrative data, national or regional

• Collected for other purposes than research

• Definition
• A complete listing 

• Each individual should be identifiable for updating

• Samples and anonymized complete listings of individuals are not registers
(United Nations Economic Commission for Europe, Wallgren & Wallgren)



Registers: Some examples

• Central Population Register

• Employment Register

• National Education Database

• Income Register

• Cancer Registry

• Causes of Death Registry

• Patient Registry (Hospital Discharges)

• Sickness Absence Register



Registers: Some examples

• Central Population Register

• Employment Register

• National Education Database

• Income Register

• Cancer Registry

• Causes of Death Registry

• Patient Registry (Hospital Discharges)

• Sickness absence register

Exposure or 
background data

Health outcome data



How to use registers in research

• Registers must be linked through a linkage key
• Nordic countries: Unique personal identification numbers
• Other linkage keys: date of birth, name, address, genetic markers 

– usually a greater risk of error

• Norway: 
• Needs approval from Regional Ethics Committee and Registry owners
• The linkage key is kept by an external part (usually Statistics Norway)
• Linkage is done specifically for each research project
• The population must be well defined 
• The desired variables must be specified in detail

• Denmark: The Danish Data Archive



How to use registers in research

• Registers must be linked through a linkage key
• Nordic countries: Unique personal identification numbers
• Other linkage keys: date of birth, name, address, genetic markers 

– usually a greater risk of error

• Norway: 
• Needs approval from Regional Ethics Committee and Registry owners 

for each research project
• The linkage key is kept by an external part (usually Statistics Norway)
• The population must be well defined 
• Requested variables must be specified in detail

• Denmark: The Danish Data Archive



Where to find occupational exposure data

• Occupational title or code
• International Standard Classification of Occupations 

• ISCO-88, ISCO-08, earlier versions ISCO-58, ISCO-68)

• Other Classifications of Occupations
• France: Professions et Categories Socioprofessionnelles (PCS)
• USA: Standard Occupational Classification (SOC)

• Industry or industrial code 
• Nomenclature of Economic Activities (NACE)
• Standard Industrial Classification (SIC)

 Exploratory (agnostic) approach
• Analyses of health outcome risk by occupation and/or industry







Where to find occupational exposure data

• Occupational title or code
• International Standard Classification of Occupations (ISCO-88, ISCO-

08)

• Industry or industrial code 
• Nomenclature of Economic Activities (NACE)

• Standard Industrial Classification (SIC)

• Job-Exposure Matrix (JEM) linked to occupational codes



Job-exposure matrix (JEM)

• The JEM assigns exposure characteristics to each job code (job title)
• Type (chemical, physical, ergonomic/mechanical, psychosocial)

• Level of exposure

• Proportion of exposed workers

• Calendar period

• All workers with the same job code are assigned similar exposure 
characteristics

• JEMs are useful in registry studies and large population studies 
lacking individual occupational exposure data



Construction of a Job-exposure matrix (JEM)

Exposure data in different occupations based on

• Measurements (noise, UV, chemicals, mechanical…)

• Survey data (ergonomic/mechanical, psychosocial)

• Expert assessment (occupational airborne chemicals)

• Combinations of methods (noise, UV, Shoulder JEM…)

Type of exposure measure 

• Dichotomous: exposed/non-exposed

• > 2 categories, e.g. low/medium/high exposure, or specified levels

• Continous measure

• Combination of level and frequency of exposure



Construction and validation of a Norwegian JEM

• Based on data from the Norwegian nationwide Survey of Living Conditions 
on work environment, conducted by Statistics Norway in 2006 and 2009

• Sample: 
Norwegian residents aged 18 to 66 years, randomly drawn



Occupational classification

• Occupations (4-digit level) classified according to the Norwegian 
version of ISCO-88  (STYRK 1998)
• STYRK 1998: 350 different occupational groups (4-digit level)

• Study sample: 322 occupational groups (92 %)

• Occupational groups with small numbers (<19 respondents) were 
grouped, by experts, based on:
• job titles

• similar work tasks

• work environment

• educational level



Mechanical and psychosocial work exposures

1. Heavy lifting

2. Neck flexion

3. Hands above shoulder height

4. Squatting/kneeling

5. Forward bending

6. Awkward lifting

7. Heavy physical work 

8. Standing/walking

1. Psychological demands 
(3 dimensions) 

2. Decision latitude (2 dimensions)

3. Job strain 
(combining psychological 
demands and decision latitude)

4. Monotonous work (1 item)

5. Supportive leadership (3 items)



Work exposure Women Men 

Cut off Kappa Sensitivity Specificity AUC
Exposed

Groups

Exposed

Indiv
Kappa Sensitivity Specificity AUC

Exposed

Groups

Exposed 

Individuals

MECHANICAL % % % % % % % %

Heavy lifting >20kg 20% 0.27 58 86 0.72 17 16 0.35 66 79 0.73 28 7

Hands above shoulder height 20% 0.25 50 84 0.67 20 17 0.42 74 80 0.77 29 12

Heavy physical work 20% 0.23 46 84 0.65 20 19 0.34 77 71 0.74 38 12

Squatting/kneeling 30% 0.34 52 86 0.69 20 18 0.51 66 89 0.77 21 16

Work with neck flexion 30% 0.22 42 81 0.61 25 21 0.23 41 83 0.62 23 25

Forward bending 30% 0.25 32 91 0.62 12 12 0.30 37 92 0.65 12 14

Awkward lifting 30% 0.29 46 86 0.66 19 13 0.28 37 91 0.64 13 15

Standing/Walking 50% 0.68 90 78 0.84 59 44 0.59 78 81 0.80 45 54

PSYCHOSOCIAL

High psychological demands Median 0.38 69 69 0.69 56 56 0.28 52 76 0.64 38 48

Low decision latitude Median 0.24 79 44 0.61 68 55 0.26 49 77 0.63 34 42

High job strain Median 0.28 53 76 0.64 33 32 0.19 53 76 0.58 11 20

Low supportive leadership Median 0.11 57 54 0.56 50 45 0.11 55 57 0.55 48 47

High monotonous work Median 0.37 65 73 0.68 42 41 0.32 56 75 0.65 37 40

Agreement measures between individual- and group-based 
work exposures, using different cut-off levels on exposure



Mechanical work exposure Women Men 

% %

Heavy lifting >20kg 7 26

Hands above shoulder height 18 29

Heavy physical work 17 29

Squatting/kneeling 15 32

Work with neck flexion 10 13

Forward bending 17 21

Awkward lifting 17 27

Standing/Walking 35 41
Psychosocial work exposure

High psychological demands 14 8

Low decision latitude 6 7

High job strain 8 4

Low supportive leadership 1 1

High monotonous work 14 10

Variance in individual-based exposure estimate explained by the 
occupational groups (JEM groups) – explained variance (R2) in exposure



Mechanical work exposures Women Men

OR 95% CI % change OR 95% CI % change

Heavy lifting > 20kg Individual 1.6 1.3-1.9 1.7 1.5-1.9

JEM 1.4 1.3-1.6 13 1.4 1.3-1.6 18

Work with neck flexion Individual 1.5 1.3-1.7 1.6 1.5-1.8

JEM 1.3 1.2-1.5 13 1.4 1.3-1.5 13

Hands above shoulder height Individual 1.3 1.2-1.6 1.6 1.4-1.8

JEM 1.2 1.1-1.3 8 1.4 1.3-1.5 13

Squatting/kneeling Individual 1.8 1.6-2.0 1.7 1.5-1.8

JEM 1.4 1.2-1.6 22 1.4 1.3-1.6 18

Forward bending Individual 1.7 1.4-1.9 1.8 1.6-2.1

JEM 1.4 1.2-1.6 18 1.4 1.2-1.6 22

Awkward lifting Individual 1.9 1.7-2.2 2.2 1.4-2.4

JEM 1.5 1.3-1.7 21 1.4 1.3-1.6 36

Heavy physical work Individual 1.9 1.7-2.1 1.9 1.7-2.1

JEM 1.4 1.2-1.5 26 1.5 1.4-1.6 21

Standing/Walking Individual 1.4 1.3-1.5 1.6 1.4-1.7

JEM 1.4 1.3-1.5 0 1.4 1.3-1.5 13
% change indicates change in OR based on JEM exposures compared to OR based on individual exposures (adjusted for age)

Associations between mechanical work exposures and low back pain 
the last month, using individual- and group (JEM-based) estimates 



Psychosocial work exposure Women Men

OR 95% CI % change OR 95% CI % change

High psychological demands Individual 1.2 0.9-1.5 1.3 0.9-1.7

JEM 1.0 0.9-1.1 17 0.7 0.5-0.9 46

Low decision latitude Individual 1.3 1.0-1.6 1.6 1.2-2.1

JEM 1.5 1.2-2.0 -15 1.4 1.1-1.8 13

High job strain Individual 1.4 1.1-1.7 1.8 1.3-2.3

JEM 1.2 1.0-1.9 14 0.9 0.6-1.5 50

Low supportive leadership Individual 1.0 0.8-1.3 1.3 0.9-1.6

JEM 1.0 0.9-1.1 0 1.3 0.9-1.7 0

High monotonous work Individual 1.6 1.3-2.0 1.6 1.2-2.1

JEM 1.2 0.9-1.5 25 1.9 1.4-2.5 -18

% change indicates change in OR based on JEM exposures and OR based on individual exposures (adjusted for age)

Associations between psychosocial work exposures and low 
back pain the last month, using individual- and group (JEM-
based) estimates



Advantages and disadvantages of using JEMs

Advantages
• Less resources needed for 

exposure assessment 
once the JEM is elaborated

• Exposure estimates are assigned 
consistently, irrespective of the 
disease status of the subject

Disadvantages
• Similar exposures are assigned 

to all with the same job title; 
therefore, exposure may be 
misclassified for a substantial 
proportion of the subjects

• Limited to the occupations and 
specific exposures of the JEM





The Nordic Occupational Cancer (NOCCA) project
• The largest and, in many aspects, also qualitatively, the most unique research 

study ever done on occupation and cancer incidence 

• A follow-up study on the entire working populations of Denmark, Iceland, 
Finland, Norway and Sweden 

• 3 million cancer cases diagnosed 1961–2005

• Risks of 84 cancer types in 54 occupational categories 

• Nordic Job Exposure Matrix (NOCCA-JEM) converts the individual job histories of 
all Nordic people to quantitative estimates of exposure to potentially cancer-
related factors 

• Many of the results on dose-response associations between exposures and 
cancers have been novel findings or have confirmed (or not) findings from earlier 
smaller studies

• The NOCCA network still produces new publications from the old data
(E. Pukkala, FIOH, Abstract ICOH 2018)











OMEGA-NET:
2 online searchable inventories 







Occupational Exposure Tools

Occupational Exposure Tool Number

Job-Exposure Matrix 39

Exposure Measurement Database 10

Other Exposures Databases 1

Coding Systems 30

Coding Crosswalks 3



EPHOR: Exposome Project for Health and 
Occupational Research

The working life 
exposome:

All occupational and 
related non-occupational 

(i.e. general environment, lifestyle, 

behavioral and socio-economic)

exposure factors

• Applying the exposome concept to working life 
health

• Providing better insights into:
• Working life – health relationships
• Vulnerable life stages and groups

• Laying the groundwork for prevention: 
• Evidence-based 
• Cost-effective

• 2020–2024

• 19 partners from 12 countries



How: combined approach





Strengths of register-based research data (1)
(Thygesen LC, Ersbøll AK. Eur J Epidemiol, 2014)

1. Data already exist

2. Large sample size

3. Data are complete for the persons in the target population

• Limited/no selection bias

• No attrition bias (loss to follow-up)

• Possible to study rare exposures and outcomes and population subgroups

• Information of exposures and outcomes for the whole population



Strengths of register-based research data (2)
(Thygesen LC, Ersbøll AK. Eur J Epidemiol, 2014)

4. Data are collected independently of research questions

• Prospective data collection

• No differential misclassification

5. Valuable time has passed – possible to study 

• diseases with long latency

• diseases in families (generation studies)

6. Some confounders of high validity available to the whole population

• e.g. education, income, vital status, hospitalization, drug prescription

7. Sometimes registers have the information of exposure and outcome of 
interest



Limitations of register-based research data
(Thygesen LC, Ersbøll AK. Eur J Epidemiol, 2014)

1. Data are pre-collected by others than researchers
• Necessary information may be unavailable or misclassified 

• Limited to use variables available in the register 

• Coding in registers may not be detailed 

• Often hard to know exactly how data are generated

• Variation in coding between persons and institutions 

2. Lack of important confounder information 



Limitations of register-based research data
(Thygesen LC, Ersbøll AK. Eur J Epidemiol, 2014)

3. Missing data difficult to handle 
• Difficult to know what missingness means (did not happen / not registered)

4. Unknown data quality, often difficult to validate 

5. Left truncation (at start of registration)

6. Data dredging (data fishing) and misleading post hoc analysis 

7. Unimportant differences become statistical significant
• The size of the risk estimates and public health relevance are important



Bias in register-based studies
(Thygesen LC, Ersbøll AK. Eur J Epidemiol, 2014)

• Lack of data of important confounders or crude information on 
confounders may lead to residual confounding

• Non-differential misclassification will tend to underestimate 
the true association

• Include only individuals who are at risk, when they are at risk
• e.g. conditioning on the future, immortal risk time 

• Missingness is difficult to interpret

• Validity of register
• Completeness 
• Validity of the variables



Register-based studies – conclusion

• “…epidemiological studies with inclusion of all persons in a population 
followed for decades … are important data sources for modern 
epidemiology, but it is important to acknowledge the data limitations.”

(Thygesen LC, Ersbøll AK. Eur J Epidemiol, 2014)

• Challenges
• Defining population at risk

• Defining/creating meaningful exposure and outcome variables, and covariates 

• Statistical abilities

• Administrative work with several register owners

• A multitude of possibilities!



COST Action CA 16216 

Network on the Coordination and Harmonisation of European Occupational Cohorts 


