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ABSTRACT
Objectives  Dupuytren’s disease (DD) is a 
fibroproliferative disorder of the hands, characterised 
by the development of fibrous nodules and cords 
that may cause disabling contractures of the fingers. 
The role of manual work exposure in the aetiology 
of DD is controversial. We investigated whether 
current occupational exposure to manual work is 
associated with DD, and if there is a dose–response 
relationship.
Methods  In this population-based cohort analysis, 
we used data from the UK Biobank cohort. Our primary 
outcome was the presence of DD. The exposure of 
interest was manual work, measured for each participant 
in two different ways to allow two independent analyses 
to be undertaken: (1) the current manual work status 
of the occupation at the time of recruitment, and (2) 
a cumulative manual work exposure score, calculated 
based on the occupational history. We performed 
propensity score matching and applied a logistic 
regression model.
Results  We included 196 265 participants for the 
current manual work analysis, and 96 563 participants 
for the dose–response analysis. Participants whose 
current occupation usually/always involved manual work 
were more often affected with DD than participants 
whose occupation sometimes/never involved manual 
work (OR 1.29, 95% CI 1.12 to 1.49, p<0.001). There 
was a positive dose–response relationship between 
cumulative manual work exposure score and DD. Each 
increment in cumulative work exposure score increased 
the odds by 17% (OR 1.17, 95% CI 1.08 to 1.27, 
p<0.001).
Conclusions  Manual work exposure is a risk factor for 
DD, with a clear dose–response relationship. Physicians 
treating patients should recognise DD as a work-related 
disorder and inform patients accordingly.

INTRODUCTION
Dupuytren’s disease is a common connective 
tissue disorder of the hand. Patients develop 
fibrous nodules in the palm of the hand, which 
can evolve into cords which may contract, causing 
one or more fingers to be pulled into a flexed posi-
tion. The disease is present in up to 31.6% of the 
general population, and men are more frequently 
affected than women.1 Although the disease was 
named after French surgeon Baron Dupuytren 
who famously operated on his wine merchant, Sir 
Henry Cline of London was one of the first to give 
an appropriate description of the affection in 1777. 

He addressed the palmar fibrosis as a disease of 
‘laborious people’.2 Nowadays, there is consensus 
about certain risk factors for Dupuytren’s disease, 
such as smoking, alcohol intake, diabetes mellitus 
(DM) and genetic predisposition,3 4 but the role 
of manual work exposure in the disease aetiology 
remains unclear.

Several studies on the association between 
manual work exposure and Dupuytren’s disease 
show conflicting results.5–9 Although most publi-
cations on this subject report a positive association 
between manual work and Dupuytren’s disease,3 
the majority of these studies were limited by a 
highly selected or small study population, and the 
lack of adjustment for important confounders.10 
Obtaining a definitive answer to the question of 
whether Dupuytren’s disease is an occupational 
disease would give us more insight into its aetiology, 
and would be of great value in informing preventa-
tive strategies.

In this population-based cohort study, we aimed 
to investigate whether occupational exposure 
to manual work is associated with Dupuytren’s 
disease, and whether a dose–response relationship 
is present.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Dupuytren’s disease is a fibroproliferative 
disorder of the hands, characterised by the 
development of fibrous nodules and cords 
that may cause disabling contractures of the 
fingers. The role of manual work exposure in 
the disease aetiology is still under debate, and 
clarity around this relationship is important 
for patients, physicians and industrial 
compensation schemes worldwide.

WHAT THIS STUDY ADDS
	⇒ Our study provides strong evidence that manual 
work exposure is a risk factor for Dupuytren’s 
disease, with a clear dose–response 
relationship.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Physicians and surgeons treating patients 
should recognise Dupuytren’s disease as a 
work-related disorder and should inform 
patients accordingly.
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METHODS
Study design
We used data from the UK Biobank, a large nationwide 
population-based prospective cohort study established to allow 
investigation of determinants of the diseases of middle and old 
age.11 Between 2006 and 2010, approximately 500 000 partici-
pants aged between 40 and 69 years old were recruited from the 
general population at 22 assessment centres throughout the UK. 
A wide variety of exposures and health outcomes were collected 
with self-completed questionnaires, a computer-assisted inter-
view, functional and physical measures, and collection of blood, 
urine, and saliva. Participants also consented to linkage of 
these data with their hospital medical records. All participants 
provided written informed consent for the use of their data for 
this research. More details about the full UK Biobank cohort can 
be found at www.ukbiobank.ac.uk/.

Participants
Because Dupuytren’s disease is most often reported in people 
of North-Western European descent,1 12 we selected participants 
whose self-reported ethnicity was ‘white British’, confirmed by 
genetic principal component analysis.13 The exclusion criteria 
and the quality control have been described in detail in a 
previous study using the same curated version of the raw UK 
Biobank data.13 After participant withdrawal at the time of data 
extraction for the current study, the overall study population 
comprised 401 573 participants.

Outcome
The primary outcome measure was the presence of Dupuytren’s 
disease. Participants with Dupuytren’s disease were identified by 
selecting individuals who had one of the following diagnosis and 
surgery codes (online supplemental table 1):
1.	 International Classification of Diseases (ICD-10) code for 

Dupuytren’s disease.
2.	 Office of Population Censuses and Services-4 code for Du-

puytren’s surgery.
3.	 Self-reported Dupuytren’s disease code at recruitment.
4.	 Self-reported Dupuytren’s surgery code at recruitment.

Variables
Manual work exposure
The exposure of interest was manual work. We measured the 
manual work exposure in two different ways to allow two inde-
pendent analyses to be undertaken: (1) the current manual work 
status of the participant’s current occupation at the time of 
recruitment, and (2) a cumulative manual work exposure score 
for each participant, calculated based on their occupational 
history.
1.	 Current manual work status: at recruitment, UK Biobank 

participants who were still in employment reported their 
manual work status by answering whether their current job 
involves manual or physical work (‘rarely’, ‘sometimes’, 
‘usually’, or ‘always’).

2.	 Cumulative manual work exposure: trained UK Biobank 
staff conducted a verbal interview to register the partici-
pants’ current or most recent occupation according to the 
UK Standard Occupational Classification (SOC) 2000 sys-
tem.14 In 2015, UK Biobank participants were asked to com-
plete their complete occupational history according to the 
UK SOC 2000. Each job included in the job history lasted at 
least six months, for at least 15 hours a week.

To characterise the manual work requirements of each 
occupation, we used the Occupational Information Network 
(O*NET).15 The O*NET dataset contains the physical require-
ments of almost 1000 occupations, defined by the SOC classifica-
tion. Job demand data in O*NET are derived from questionnaires 
of professionals, workers and job analysts familiar with each job. 
Because O*NET uses the US 2010 version of the SOC classifi-
cation,16 we used a job exposure matrix (JEM) for use in the 
UK Biobank17 to translate the UK SOC codes to US SOC codes. 
We identified three questions from the O*NET database about 
manual work exposure in relation to their job: ‘How important 
is handling and moving objects to the performance of your job?’ 
(Likert scale 1–5), ‘What level of handling and moving objects is 
needed to perform your job?’ (Likert scale 0–7), and ‘How much 
time in your job do you spent using your hand to handle, control 
and feel objects, tools or controls?’ (Likert scale 1–5). We gave 
each question equal weighting, standardised the score of each 
question to a scale ranging from 0 to 100, and calculated the 
mean manual work exposure score for each occupation. Several 
common occupations and their associated O*NET scores are 
shown in table 1.

We then determined the participants’ manual work exposure 
for each job by multiplying the O*NET score for that job by 
the number of years in that job, thus allowing us to calculate an 
individual cumulative manual work exposure score by the sum 
of all the exposure scores of each participant. A flow chart of the 
steps involved in this analysis is shown in online supplemental 
figure 2.

Other variables
We collected the following baseline characteristics that are 
potential confounders previously associated (weakly or strongly) 
with DD for the association between DD and manual work 
exposure3 18: age at inclusion, sex, DM, hypertension, respi-
ratory disease, smoking status, alcohol intake, body mass 
index (BMI), cholesterol levels (low-density lipoprotein (LDL) 
and high-density lipoprotein (HDL)), triglyceride levels and 
Townsend Deprivation Index (TDI).19 Age at recruitment was 
defined as the age in 2008—the halfway point of the 4-year 
recruitment period. The presence of DM, hypertension and 

Table 1  Examples of occupations and corresponding O*NET scores 
for manual exposure

O*NET- score Occupation

0–10 Management analysts, mediators, epidemiologists

10–20 Financial advisors, marketing managers, social workers, advertising 
sales agents

20–30 Accountants, lawyers, dietitians, security guards, computer 
programmers

30–40 Landscape architects, concierges, telephone operators, commercial 
and industrial designers

40–50 Biologists, librarians, nurse practitioners, radio operators, 
occupational therapists

50–60 Lifeguards, office machine operators, pharmacists, obstetricians and 
gynaecologists, bakers

60–70 Surgeons, photographers, subway operators, waiters/waitresses, 
cooks, shoe repairers

70–80 Barbers, electrical repairers, aircraft mechanics and service 
technicians, crane operators

80–90 Fishers, industrial truck and tractor operators, cabinetmakers and 
bench carpenters, roofers

90–100 Stonemasons, pipelayers, carpet installers
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respiratory disease was identified through patient self-report, 
and with ICD-10 diagnostic codes (online supplemental table 
1). Self-reported smoking status was recorded as ‘previous or 
current use’, ‘never’ and ‘prefer not to answer’. Self-reported 
alcohol intake frequency was recorded as: ‘daily or almost 
daily’, ‘three or four times a week’, ‘once or twice a week’, 
‘one to three times a month’, ‘special occasions only’, ‘never’ 
and ‘prefer not to answer’. BMI was calculated with the weight 
and height measured by trained staff at recruitment. Choles-
terol and triglyceride levels were measured at baseline. TDI was 
determined with national census data linked to the participants 
postcode: the greater the TDI, the greater the degree of depriva-
tion. A high TDS reflects low socioeconomic status and is asso-
ciated with low self-reported health20 and an unhealthy lifestyle, 
including physical activity and diet.21 Hence, the TDI comple-
ments to the other health-related variables included in the anal-
ysis. Further information on the UK Biobank data is described in 
more detail elsewhere.11

Data processing and statistical analyses
Baseline characteristics were reported by means and SDs for 
normally distributed continuous variables and by medians 
and IQRs for non-normally distributed continuous variables. 
For dichotomous variables, frequencies and proportions were 
reported.

Analysis 1: current manual work
To study the association between current manual work and Dupu-
ytren’s disease, we first performed propensity score matching 
(PSM) to balance the groups.22 We excluded all participants with 
a missing current manual work status and with a missing value in 
one of the risk factors included in the PSM, since no propensity 
score could be calculated for them.

Propensity scores were calculated through logistic regres-
sion modelling based on the following covariates: age, sex, 
DM, hypertension, respiratory disease, smoking status, alcohol 
intake, BMI, LDL, HDL, triglyceride levels and TDI. We applied 
the nearest neighbour method without replacement and set a 
calliper width at 0.2 of the logit of SD of the propensity score. 
We identified 1:4 matching of exposed to unexposed partici-
pants as the optimal matching ratio, based on the balance diag-
nostics after matching.23

We matched participants whose current job ‘usually’ or ‘always’ 
involves manual work (exposed) with participants whose current 
job ‘rarely’ or ‘sometimes’ involves manual work (unexposed), 
based on the participants’ propensity score. We applied a logistic 
regression model with the binarised manual work status as the 
exposure, and Dupuytren’s disease as the outcome. We evalu-
ated the need to add a random intercept for each matched set 
of exposed and unexposed participants, to take clustering into 
account that may have been introduced in the dataset because 
of the matching procedure. This clustering was very low, so we 
implemented a model without random effects.

Analysis 2: dose–response relationship
We investigated whether a greater cumulative amount of manual 
work is associated with a higher risk of having Dupuytren’s 
disease. For this dose–response analysis, we excluded partic-
ipants with missing manual work status, missing data on any 
of the risk factors included in the PSM, and participants with 
missing occupational data. Additionally, we excluded partici-
pants with a total occupational history of <15 years or >55 
years, because all participants were aged between 40 and 69 

years at the time of recruitment, making it unlikely that they 
were employed for less than 15 years or longer than 55 years. We 
also excluded participants with overlapping years of jobs in their 
job history, because there was a risk of input error. There was a 
linear relationship between the cumulative manual work expo-
sure score and the logit of proportion of Dupuytren’s disease 
patients (online supplemental figure 2). To ease the interpreta-
tion of our results, we categorised the cumulative work expo-
sure scores into five groups separated by increments of 750, as 
follows: <750, 750–1499, 1500–2249, 2250–3000, >3000 
standardised O*NET-score×years.

We applied the same PSM model we used in the current manual 
work analysis. Again, we matched participants whose current job 
‘usually’ or ‘always’ involves manual work (exposed) with partic-
ipants whose current job ‘rarely’ or ‘sometimes’ involves manual 
work (unexposed). After PSM, we applied a logistic regression 
model with the cumulative manual work exposure score as the 
exposure and Dupuytren’s disease as the outcome. Again, we 
evaluated the necessity for a random intercept, but this was not 
required. A two-sided p value<0.05 was considered statistically 
significant. All analyses were carried out using R V.4.1.3,24 the 
MatchIt 25 and lme426 packages.

Sensitivity analyses
To check the robustness of our results with PSM, we used a 
multivariable logistic regression model without matching as a 
sensitivity analysis, with Dupuytren’s disease as the outcome 
variable. For both sensitivity analyses, we adjusted for the same 
explanatory variables we included in the propensity score model. 
For the current manual work sensitivity analysis, we addition-
ally included the binarised manual work status as explanatory 
variable. For the dose–response sensitivity analysis, we included 
the cumulative manual work exposure score as explanatory 
variable. A two-sided p value<0.05 was considered statistically 
significant.

RESULTS
Participants
After applying our exclusion criteria, we identified 196 265 
eligible participants for the current manual work analysis, 
and 96 563 for the dose–response analysis (figure  1). After 
PSM, we included 126 880 participants (26 667 exposed and 
100 213 unexposed) in the current manual work analysis, and 
58 936 participants (12 312 exposed and 46 624 unexposed) in 
the dose–response analysis. All exposed participants could be 
matched to at least one unexposed participant.

In the original study population of the current manual work 
analysis, the mean age was 53 years in both the exposed and 
unexposed groups. Exposed participants were more often male 
(63.5%) and smokers (49.1%), compared with unexposed 
participants (46.6% and 41.7%). In the original study popula-
tion of the dose–response analysis, the mean age was 53 years 
in both the exposed and unexposed groups. Exposed partic-
ipants were more often male (66.5%) and smokers (46.6%), 
compared with unexposed participants (46.7% and 39.3%). In 
the matched population of the current manual work analysis, 
259 (0.97%) exposed and 755 (0.75%) unexposed participants 
had Dupuytren’s disease (table  2). In the matched population 
of the dose–response analysis, 114 (0.93%) exposed and 382 
(0.82%) unexposed participants had Dupuytren’s disease. After 
PSM, the distribution of the covariates was balanced between 
the exposed and unexposed groups in both study populations 
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(table 2). The balance diagnostics of all covariates are shown in 
more detail in online supplemental figure 2.

The median length of reported employment was 30 years 
(IQR 21–38). The O*NET scores of all jobs ranged from 1 (eg, 
mediators) to 92 (eg, stonemasons) on the standardised 0–100 
scale. There is a relationship between the current manual work 
exposure for the participants’ current job and the O*NET score 
for that job, indicating that a higher O*NET score is associated 
with a higher manual work exposure (figure 2A). The median 
cumulative manual work exposure was 1225 O*NET×years 
(IQR 838–1744). The distribution of the cumulative manual 
work exposure is shown in figure 2B. A high cumulative manual 
work exposure score is more common among Dupuytren’s 
patients than among participants without Dupuytren’s disease.

Current manual work exposure
Exposure to manual work in current employment (usually/always 
vs. rarely/never) was associated with the presence of Dupuytren’s 
disease (OR 1.29, 95% CI 1.12 to 1.49, p=3.9 ×10–4). The OR 

is a good estimate of the population relative risk (RR) and can be 
interpreted as a RR.27 The results of the sensitivity analysis were 
very similar (OR 1.26, 95% CI 1.10 to 1.45, p=0.001) (table 3).

Dose–response relationship
Our results demonstrate a positive dose–response relationship 
between O*NET scores and Dupuytren’s disease, with each 750-
point (standardised O*NET-score×years) increment in cumula-
tive work exposure score increasing the odds of Dupuytren’s 
disease by 17% (OR 1.17, 95% CI 1.08 to 1.27, p=1.9×10–4). 
Since the prevalence of Dupuytren’s in our population is low 
(~1.0%), again the OR is a good estimate of the population RR 
and can be interpreted as a RR.27 To illustrate our results by way 
of examples, an individual who has been a stonemason for 30 
years (cumulative exposure score of 30×92 = 2760), is 17% 
more likely to have Dupuytren’s disease than someone who has 
been a cook for 30 years (30×67 = 2010), 37% more likely 
than a general practitioner of 30 years (30×42 = 1260), and 
60% more likely than a social worker of 30 years (30×16 = 

Figure 1  Flowchart of the participant selection process.
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Figure 2  (A) The relationship between the self-reported manual work status and O*NET score (0–100) of each job. The x-axis represents the self-reported 
manual work status, and the y-axis represents the manual work exposure score (0–100). (B) Cumulative manual work exposure scores of patients with 
and without Dupuytren’s disease (DD). The y-axis represents the proportion of participants, and the x-axis represents the cumulative work exposure score, 
grouped into bins of 50 points (standardised O*NET-score×years).
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480). Again, the results of the sensitivity analysis were similar 
(OR 1.08 95% CI 1.01 to 1.16, p=0.029) (table 3).

DISCUSSION
We found that manual work was associated with the Dupuytren’s 
disease, and that an increasing level of manual work exposure is 
associated with an increasing risk of having Dupuytren’s disease.

Our results show that individuals whose occupation usually 
or always involves manual work are more often affected with 
Dupuytren’s disease than individuals whose occupation some-
times or never involves manual work. Since the very first 
descriptions of Dupuytren’s disease in the 18th century, doctors 
have speculated that it is a disease that occurs in people exposed 
to strenuous manual work. In the past decades, several studies 
have been conducted to test this hypothesis. Most reported a 
positive association between manual work and DD,5 7 9 28–31 but 
several did not.6 8 32 33 Many of these studies were inadequately 
powered and were performed in highly selected study popula-
tions (eg, only in men). Our findings are supported by a smaller 
population-based analysis by Fadel et al,5 although in that study 
the authors included a limited number of potential confounders 
and only included patients who had had surgery for Dupuytren’s 
disease.

We found that the positive association between manual work 
and Dupuytren’s disease followed a dose–response relation-
ship, which means that an increase in manual work exposure 
is accompanied by an increased risk of Dupuytren’s disease. 
Our findings are consistent with previous results derived from 
different methodological approaches.5 7 9 28 30 31 These studies 
have in common that the dose–response relationship was inves-
tigated by including manual work exposure as a categorised 
variable of self-reported manual work exposure. In our analysis, 

we derived a novel cumulative exposure to manual work score 
by multiplying an objective manual exposure score for each job 
by the number of years in that job, a similar concept to “pack-
years” of smoking exposure. Hence, we can conclude not only 
that there is a dose–response relationship between manual work 
and Dupuytren’s disease, but also that this relationship is linear.

The role of manual activities in the pathophysiology of Dupu-
ytren’s disease is not yet fully understood. There is consensus 
that Dupuytren’s disease is a result of a localised inflammatory 
process, in which highly contractile myofibroblasts are induced 
to proliferate and differentiate by cytokines produced by local 
immune cells.34 Both genetic predisposition and certain non-
genetic risk factors, such as age, sex, smoking, alcohol consump-
tion, diabetes and hypercholesterolaemia, play a role in the 
development and/or progression of the disease.35 It has been 
proposed that mechanical stress in the palmar fascia could lead 
to local changes in the microvascular endothelium and subse-
quent microvascular ischaemia,36 leading to the production of 
oxygen-free radicals, which in turn promote the differentiation 
from fibroblasts to myofibroblasts.37 Nonetheless, the exact 
causal relationship between mechanical stress and Dupuytren’s 
disease remains incompletely understood and requires further 
research.

There was a considerable number of missing values in the vari-
ables that we included in the PSM. However, the PSM yielded a 
very good balance in both analyses (maximum SMD of<0.01). 
Therefore, we reasoned that multiple imputation of the missing 
values could not further improve the matching results, and 
therefore has no implications for the robustness of our findings.

One limitation of our study is that we used self-reported job 
history, which may be prone to recall bias. However, since the 
cumulative manual work exposure was derived from participants’ 

Table 3  Results of the adjusted multivariable regression analyses (sensitivity analyses) including the current manual work status and the 
cumulative manual work exposure

Predictors

Current manual work analysis Dose–response analysis

DD DD

OR 95% CI P value OR 95% CI P value

Manual work status 1.26 1.10 to 1.45 0.001 NA NA NA

Cumulative manual work exposure NA NA NA 1.08 1.01 to 1.16 0.029

Age 1.07 1.06 to 1.08 <0.001 1.06 1.05 to 1.07 <0.001

Sex (m) 3.51 3.05 to 4.04 <0.001 3.00 2.48 to 3.65 <0.001

DM (y) 2.09 1.71 to 2.53 <0.001 2.39 1.81 to 3.11 <0.001

Smoker (y) 1.11 0.99 to 1.24 0.064 1.05 0.90 to 1.22 0.506

Alcohol intake

 � (Never) 1.16 0.83 to 1.60 0.374 0.90 0.54 to 1.44 0.658

 � (Special occasions only) 0.98 0.73 to 1.32 0.915 1.00 0.66 to 1.50 0.995

 � (1–3 times a month) 1.10 0.88 to 1.38 0.416 1.04 0.77 to 1.44 0.801

 � (1–2 times a week) (ref)

 � (3–4 times a week) 1.25 1.01 to 1.57 0.046 1.25 0.93 to 1.72 0.151

 � (Almost daily) 1.48 1.19 to 1.86 <0.001 1.54 1.14 to 2.11 0.006

Metabolic factors

Triglycerides 1.06 1.00 to 1.12 0.038 1.08 1.00 to 1.17 0.050

LDL 1.02 0.96 to 1.09 0.507 0.98 0.89 to 1.08 0.682

HDL 1.80 1.51 to 2.14 <0.001 1.48 1.15 to 1.90 0.002

BMI 0.94 0.93 to 0.96 <0.001 0.94 0.92 to 0.96 <0.001

Hypertension 1.23 1.09 to 1.38 0.001 1.23 1.04 to 1.46 0.017

TDI 1.01 0.99 to 1.03 0.489 1.00 0.98 to 1.03 0.797

Respiratory disease 1.07 0.92 to 1.24 0.361 1.09 0.88 to 1.33 0.428

DD, Dupuytren’s disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BMI, body mass index; DM, diabetes mellitus; TDI, Townsend Deprivation Index.
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occupational history obtained by trained UK Biobank staff and 
the O*NET JEM, it is unlikely that recall bias would have mean-
ingfully affected the findings of our study. The downside of 
the use of JEMs is that all workers with the same job title are 
allocated with the same exposure estimates while there can be 
substantial interindividual variability within jobs.38

Second, we would ideally have included the effect of manual 
activities exposure during leisure in addition to the occupa-
tional exposure in our analyses.39 However, because these data 
were not available to us in the UK Biobank cohort, we were 
not able to determine the full exposure to manual activities for 
each participant. It is known that individuals with more physi-
cally demanding jobs, on average, have a lower social economic 
status, while higher socioeconomic groups tend to undertake 
more physically demanding leisure activities than lower socio-
economic groups.40 We attempted to mitigate any potential bias 
arising from socioeconomic disparities by including the TDI and 
other variables related to socioeconomic status (BMI, smoking 
and alcohol consumption41 42) in our matching algorithm. Third, 
it has been previously reported that, besides manual work, hand 
transmitted vibration (HTV) is a risk factor for Dupuytren’s 
disease. Because information on HTV was unavailable in both 
UKB-data and O*NET-data, we were unable to include HTV in 
our analyses. In theory, this could have led to an overestimation 
of the effect of manual work. Lastly, we only included partic-
ipants of White-British ethnicity. Therefore, our findings and 
conclusions should be limited to this specific population.

The main strength of our study is the substantial size of the 
UK Biobank cohort. Second, we undertook two separate anal-
yses to address the research question and confirmed each with 
a sensitivity analysis using different statistical methodology. All 
previous studies with a similar aim to ours used a univariable or 
multivariable regression model. However, it has been emphasised 
in multiple methodological studies that regression adjustment is 
not able to remove all the bias if the covariate baseline distri-
butions differ widely, and that PSM is preferred if the means of 
the propensity scores of exposed and unexposed are more than 
½ SD apart,43 which was the case in both our analyses. We have 
also considered inversed probability weighting (IPW), as PSM 
could lead to exclusion of unmatched participants. However, in 
our analyses, all exposed cases could be matched with at least one 
unexposed case because of our large dataset. Besides, PSM has 
the small benefit compared with IPW in that it causes a slightly 
larger reduction of bias.44 Third, our effect estimates are consid-
erably more precise than estimates reported in previous studies, 
because we were able to include more important confounders 
and independent risk factors compared with previous studies. 
Moreover, we included multiple continuous variables (BMI, 
serum lipid levels and TDI) in our model, which allowed us to 
isolate the effect of manual work more accurately than if using 
only categorical variables. Finally, by using a JEM, we could 
translate the manual work exposures in a systematic and unbi-
ased way.

Our study shows that manual work exposure is a risk factor 
for Dupuytren’s disease, with a clear linear dose–response 
relationship. Hence, physicians and surgeons treating patients 
should recognise Dupuytren’s disease as a work-related disorder 
and should inform patients accordingly. Employers could 
consider interventions to limit manual work exposure, especially 
in those workers otherwise predisposed to the development of 
DD. Manual work exposure can be included in future prediction 
models to estimate the risk for developing Dupuytren’s disease. 
Further research is needed to elucidate the underlying patho-
physiological mechanism.
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Supplementary Table 1. Codes used to identify exposures and outcome 
 

Exposure 

UKBiobank 

data-fields OPCS code1 ICD-10 code2 

Non-cancer 

illness code3 

Operation 

code4 

Dupuytren’s 
disease 

- 

T521, T522, 

T561, T562, 

T525, T526 

M72.0 1544 1535 

Current manual 

work status 
816     

Age 34 - - - - 

Sex 22001 - - - - 

BMI 21001 - - - - 

Diabetes 

Mellitus 
2443 - 

E10, E11, E13, 

E14, G59.0, 

G63.2, H28.0, 

H36.0, M14.2, 

N08.3, T38.3, 

Y42.3, O24.0, 

O24.1, O24.2, 

O24.3 

1220, 1222, 

1223, 1607, 

1276, 1468 

- 

Triglycerides 30870 - - - - 

HDL 

Cholesterol 
30760 - - - - 

LDL 

Cholesterol 
30780 - - - - 

Smoking 20116 - - - - 

Hypertension - - 
I10, I11, I12, 

I13, I14, I15 
1065, 1072 - 

Townsend 

Deprivation 

Index 

189 - - - - 

Respiratory 

disease 
- 

J40, J41, 

J42, J43, 

J44, J45, 

J46, J47, J84 

- 

1111, 1112, 

1113, 1114, 

1115, 1121, 

1122 

- 

1 OPCS code UK Biobank data-field: 41272 
2 ICD-10 code UK Biobank data-field: 41270 
3 Non-cancer illness code: Self-report, UK Biobank data-field: 41272 
4 Operation code: Self-report, UK Biobank data-field: 41272 
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Supplementary figure 1:  Flowchart of the steps involved in the dose-response analysis  
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Supplementary Figure 2: the relationship between Dupuytren’s disease and manual work exposure 
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Supplementary figure 3a: Covariate balance before and after matching (current manual work response 

analysis) 
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Supplementary figure 3b: Covariate balance before and after matching (dose-response analysis) 
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