
Occupational 
record linkage studies

Training Course on Introduction to Occupational Epidemiology

29 March 2022

Ingrid Sivesind Mehlum MD PhD

Chair of OMEGA-NETET

National Institute of Occupational Health (STAMI), NORWAY



Outline of my lecture

ÅWhat is a record linkage study (= registry study)?

ςWhat is a register?

ÅHow to use registers in occupational health research

ςHow to use registers in research 

ςWhere to find occupational exposure data 

ςJob-exposure matrix (JEM)

ÅStrengths and limitations of register-based research data



What is a register?

ÅUsually administrative data, national or regional

ÅCollected for other purposes than research

ÅDefinition
ÅA complete listing 

ÅEach individual should be identifiable for updating

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



Registers: Some examples

ÅCentral Population Register

ÅEmployment Register

ÅNational Education Database

ÅIncome Register

ÅCancer Registry

ÅCauses of Death Registry

ÅPatient Registry (Hospital Discharges)

ÅSickness Absence Register



Registers: Some examples

ÅCentral Population Register

ÅEmployment Register

ÅNational Education Database

ÅIncome Register

ÅCancer Registry

ÅCauses of Death Registry

ÅPatient Registry (Hospital Discharges)

ÅSickness absence register

Exposure or 
background data

Health outcome data



How to use registers in research

ÅRegisters must be linked through a linkage key
ÅNordic countries: Unique personal identification numbers
ÅOther linkage keys: date of birth, name, address, genetic markers 
ςusually a greater risk of error

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

ÅDenmark: The Danish Data Archive



How to use registers in research

ÅRegisters must be linked through a linkage key
ÅNordic countries: Unique personal identification numbers
ÅOther linkage keys: date of birth, name, address, genetic markers 
ςusually a greater risk of error

ÅNorway: 
ÅNeeds approval from Regional Ethics Committee and Registry owners 

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

ÅDenmark: The Danish Data Archive



Where to find occupational exposure data

ÅOccupational title or code
ÅInternational Standard Classification of Occupations 
ÅISCO-88, ISCO-08, earlier versions ISCO-58, ISCO-68)

ÅOther Classifications of Occupations
ÅFrance: Professions et Categories Socioprofessionnelles (PCS)
ÅUSA: Standard Occupational Classification (SOC)

ÅIndustry or industrial code 
ÅNomenclature of Economic Activities (NACE)
ÅStandard Industrial Classification (SIC)

Ą Exploratory (agnostic) approach
ÅAnalyses of health outcome risk by occupation and/or industry







Where to find occupational exposure data

ÅOccupational title or code
ÅInternational Standard Classification of Occupations (ISCO-88, ISCO-

08)

ÅIndustry or industrial code 
ÅNomenclature of Economic Activities (NACE)

ÅStandard Industrial Classification (SIC)

ÅJob-Exposure Matrix (JEM) linked to occupational codes



Job-exposure matrix (JEM)

ÅThe JEM assigns exposure characteristics to each job code (job title)
ÅType (chemical, physical, ergonomic/mechanical, psychosocial)

ÅLevel of exposure

ÅProportion of exposed workers

ÅCalendar period

ÅAll workers with the same job code are assigned similar exposure 
characteristics

ÅJEMs 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

ÅaŜŀǎǳǊŜƳŜƴǘǎ όƴƻƛǎŜΣ ¦±Σ ŎƘŜƳƛŎŀƭǎΣ ƳŜŎƘŀƴƛŎŀƭΧύ

ÅSurvey data (ergonomic/mechanical, psychosocial)

ÅExpert assessment (occupational airborne chemicals)

Å/ƻƳōƛƴŀǘƛƻƴǎ ƻŦ ƳŜǘƘƻŘǎ όƴƻƛǎŜΣ ¦±Σ {ƘƻǳƭŘŜǊ W9aΧύ

Type of exposure measure 

ÅDichotomous: exposed/non-exposed

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

ÅContinous measure

ÅCombination of level and frequency of exposure



Construction and validation of a Norwegian JEM

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

ÅSample: 
Norwegian residents aged 18 to 66 years, randomly drawn



Occupational classification

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

ÅStudy sample: 322 occupational groups (92 %)

ÅOccupational groups with small numbers (<19 respondents) were 
grouped, by experts, based on:
Åjob titles

Åsimilar work tasks

Åwork environment

Åeducational 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 shoulderheight 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

Highpsychological 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) ςexplained 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
ÅLess resources needed for 

exposure assessment 
once the JEM is elaborated

ÅExposure estimates are assigned 
consistently, irrespective of the 
disease status of the subject

Disadvantages
ÅSimilar exposures are assigned 

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

ÅLimited to the occupations and 
specific exposures of the JEM





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

study ever done on occupation and cancer incidence 

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

Å3 million cancer cases diagnosed 1961ς2005

ÅRisks of 84 cancer types in 54 occupational categories 

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

ÅMany 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

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






