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Risk Factors for Raynaud’s Phenomenon in
the Workforce

YVES ROQUELAURE,' CATHERINE HA,> AUDREY PETIT LE MANAC’H," JULIE BODIN,"
ANAIS BODERE,' CHRISTIAN BOSSEAU,' ALEXIS DESCATHA,*> ANNETTE LECLERC,?
MARCEL GOLDBERG,? ano ELLEN IMBERNON?

Objective. To assess the prevalence of and risk factors for Raynaud’s phenomenon (RP) in a French working population
characterized by various levels of exposure to work-related constraints.

Methods. The study population comprised 3,710 workers (2,161 men and 1,549 women) who were followed up by 83
occupational physicians and were representative of the region’s workforce. RP, as diagnosed by a questionnaire and a
standardized interview, was defined as the occurrence of at least occasional attacks of finger blanching triggered by
exposure to environmental cold during the previous 12 months. Personal factors and work exposure were assessed by
self-administered questionnaires. The associations between RP and personal and occupational factors were analyzed
using logistic regression modeling.

Results. A total of 87 cases of RP (56 women and 31 men) were diagnosed. The population-based annual prevalence rates
of RP were 3.6% (95% confidence interval [95% CI] 2.7-4.5%) for women and 1.4% (95% CI 0.9-1.9%) for men. Women
had a higher risk of RP (odds ratio [OR] 2.1 [95% CI 1.3-3.4]) and the risk decreased continuously with body mass index
(OR for 1-kg/m? increment 0.87 [95% CI 0.81-0.94]). The risk of RP increased consistently but moderately with age after
35 years (ORs ranging from 2.0 [95% CI 1.1-3.8] to 2.9 [95% CI 1.6-5.2]). Among the work-related factors studied, RP was
associated with an exposure to a cold environment or objects (OR 2.2 [95% CI 1.0-4.6]), a high repetitiveness of a task
(OR 1.7 [95% CI 1.0-2.7]), a high psychological demand at work (OR 1.7 [95% CI 1.0-2.7]), and low support from
supervisors (OR 2.4 [95% CI 1.5-3.8]).

Conclusion. Personal and work-related factors were associated with RP, with a clear difference between the sexes.
Work-related psychosocial stressors played a significant role independently of biomechanical and environmental expo-
sure.

INTRODUCTION Several personal factors (e.g., age, sex, genetic factors,
smoking status, alcohol consumption, anxiety, and stress)
increase the risk of RP (2—9). RP has been related to occu-
pational exposure to cold temperatures and hand- and
arm-transmitted vibrations (often called vibration-induced
white finger syndrome) and especially exposure to chem-
icals (e.g., vinyl chloride monomer) (10-14).

RP that is not associated with an underlying connective

tissue disease is a common disorder (1), but wide varia-

Raynaud’s phenomenon (RP) is characterized by episodic
vasospasm of the extremities, frequently induced by expo-
sure to cold temperatures and emotional stress. Cases of
RP are mostly idiopathic and sometimes induced by sev-
eral medical conditions (e.g., systemic sclerosis and rheu-
matoid arthritis) and medications (e.g., beta-blockers) (1).
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tions in prevalence have been reported (between 0.5% and
20% depending on the population studied, the study re-
gion’s climate, and the outcome definition) (8,14—22). Sev-
eral studies of workers highly exposed to hand-transmitted
vibration in cold environments reported high levels of
prevalence, but it is still difficult to compare the preva-
lence of RP among occupations and economic sectors. The
French Institute for Public Health Surveillance therefore
implemented an epidemiologic surveillance system for
musculoskeletal disorders (MSDs) in the Pays de la Loire
region of France in 2002 (23). The surveillance system
relies on a regional network of occupational physicians
(OPs) and was designed to assess prevalence rates of MSDs
of the upper extremities, back pain, and RP and their risk
factors in the regional working population (24). To offer
data comparable with other European countries, the sur-
veillance protocol uses the recommendations of the crite-
ria document for evaluating the work relatedness of upper
extremity MSDs published by European experts (25). The
aim of this study was to assess the prevalence of RP and its
risk factors in the general working population character-
ized by various levels of exposure to work-related con-
straints.

PATIENTS AND METHODS

Population. This cross-sectional study was undertaken
in the Loire Valley area of West-Central France between
April 2002 and April 2005. The economic structure of the
region, which represents 5% of the French working pop-
ulation, is similar to that of most French regions in terms
of age, sex, and occupation, except for the Paris region.
The region’s climate is mild, with normal daily tempera-
tures ranging from 6-8°C (43—46°F) in the winter and
18-20°C (64—68°F) in the summer.

All French workers, including temporary and part-time
workers, undergo a mandatory annual health examination
by an OP in charge of the medical surveillance of a group
of companies. The 83 OPs participating in this study were
representative of the 460 OPs of the Pays de la Loire region
in terms of medical practice, working time, geography, and
economic sectors covered. The participation rate of the
OPs ranged between 14% and 18% depending on the type
of company surveyed (private company 18%, public ser-
vices 17%, hospitals 15%, and the agriculture sector 14%).
Each physician working full time was asked to recruit
30—45 workers; those working part time were asked to
recruit 15—-20 workers to limit their additional workload
generated by the surveillance program. Subjects were se-
lected at random, following a 2-stage sampling procedure:
first, 15—45 half days of scheduled examinations for each
physician were chosen for sampling by the investigators.
Next, using random sampling tables, each physician in-
cluded 1 of 10 workers from the schedule on the half days
of worker examinations under consideration. Less than
2% of workers refused inclusion in the study. Less than
5% were not shown or were not included because of
duplication. The Pays de la Loire study received ethical
approval from the French National Committee for Data
Protection (Commission Nationale Informatique et Liberté)
prior to the start of the study, and all workers gave consent.

The study population comprised 3,710 workers (2,161
men [58%] and 1,549 women [42%], mean = SD age
38.7 = 10.3 years) that were randomly included from
184,600 workers (sampling rate 2% ) under surveillance by
the 83 OPs. Comparison of the study population’s socio-
economic status with the last available French census from
1999 (http://www.insee.fr) showed no major differences
for either sex; however, women were slightly underrepre-
sented in the sample (42% versus 47%). The distribution
of occupations in the study sample was overall relatively
close to that of the region’s workforce. Participants worked
mainly in the private sector (78%) and only rarely in the
public sector (20%), which was similar to the region’s
working population. Almost all occupations were repre-
sented in the sample, except for the few occupations not
monitored by the OPs, including farmers, craftsmen, shop-
keepers, and independent workers. Approximately 60% of
men and 45% of women had a job that included manual
labor. The length of service in their current job was >1
year for most workers, whether they had RP (98%) or not
(87%). Approximately 11% of men and 32% of women
worked part time.

Outcomes. Musculoskeletal symptoms (pain, discom-
fort, tenderness, and numbness) of the upper extremities
occurring during the preceding 12 months were assessed
for each worker using the Nordic Musculoskeletal Ques-
tionnaire, which included a mannequin denoting the fin-
ger regions (13). When finger symptoms occurred during
the past 12 months, the OPs systematically asked workers
whether they had experienced episodes of sudden well-
demarcated blanching of =1 finger(s) during the 12-month
period and whether these episodes were precipitated by
cold temperatures. RP was defined according to the Euro-
pean consensus criteria document for the evaluation of
upper extremity MSDs (25) as the occurrence of at least
occasional attacks of finger blanching triggered by expo-
sure to environmental cold. The presence of only cyanosis
or rubeosis was not accepted as RP if not preceded by
characteristic pallor.

Potential risk factors. Personal factors (age, sex, weight,
and height), medical history (thyroid disorders, arthritis,
and diabetes mellitus), and carpal tunnel syndrome (CTS)
(25) were assessed during the physical examination and
with a self-administered questionnaire. No biologic test
was performed. Information on work history and exposure
to the main work-related physical, psychosocial, and or-
ganizational factors was collected using a self-adminis-
tered questionnaire and quantified according to the Euro-
pean consensus criteria document (25). The physical
workload was assessed by a psychophysical rating of per-
ceived exertion (RPE) scale scored from 6 (no effort at all)
to 20 (exhausting; the 20-RPE Borg scale) (13). Psychoso-
cial factors were appraised according to the demand-
autonomy model of stress at work using the validated
French version of Karasek’s Job Content Questionnaire,
including the full recommended scales of decision latitude
(9 items), the skill discretion and decision authority scales,
psychological demands (9 items), and social support from
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supervisors and colleagues (8 items). Scores were dichot-
omized using the median scores of the large national
French Medical Surveillance of Occupational Risk Expo-
sures (SUMER) study (26).

Statistical analysis. Information on sex, age, occupa-
tion, and occupational risk factors was available for all
participants. The prevalence of RP was computed by sub-
ject and not by hand, and therefore bilateral cases of RP
counted as 1 disorder, not 2. The list of independent
variables considered in the analyses comprised variables
known or suspected to be potential risk factors for RP on
the basis of epidemiologic and ergonomic studies (5—8,11—
14).

Because of the small number of cases of RP, analyses
were performed first for the whole sample of workers and
for all RP cases using binary logistic regression modeling,
and subsequently for men and women to take into account
any possible differences in exposure to work constraints
between the sexes (8,14). Univariate analyses were per-
formed with each of the potential explanatory variables,
and nonsignificant variables (P values greater than 0.20)
were excluded from further analyses. Backward multivar-
iate logistic regression models were then performed using
all remaining variables. Age and sex (in the model for the
whole population) were forced into the models. Nonsig-
nificant variables (P values greater than 0.05) were ex-
cluded.

RESULTS

Prevalence of RP. A total of 87 cases of RP, mostly
bilateral, were diagnosed in 56 women and 31 men (male:
female ratio 1:1.8). Finger symptoms had been present
during the past 7 days in 28% of the cases and RP had been
recurrent for many years in 61%. The duration of recurrent
symptoms was <1 year in 5%, between 1 and 5 years in
30%, and >5 years in 65% of the cases. Workers who had
RP were significantly older than those who did not
(mean = SD age 42.4 = 9.8 years versus 38.6 = 10.3 years;
P < 0.001). In a few cases (3.4% [3 of 87], all with both
hands affected), RP coexisted with a declared prior history
of inflammatory arthritis requiring treatment, the latter
disorder being declared by 75 workers (2.1%) without RP.
The population-based annual prevalence rates of RP were
3.6% (95% confidence interval [95% CI] 2.7—4.5%) for
women and 1.4% (95% CI 0.9-1.9%) for men.

Risk factors for RP. The univariate analyses (Table 1)
showed an association between RP and several personal,
occupational, and psychosocial factors at work. As shown
in Table 2, multivariate analyses showed that RP was
strongly associated (odds ratio [OR] >2) with female sex
(OR 2.1 [95% CI 1.3-3.4]). The risk of RP increased con-
sistently but moderately with age (ORs ranging from 2.0
[95% CI 1.1-3.8] to 2.9 [95% CI 1.6-5.2]). The risk of RP
decreased continuously with body mass index (BMI; OR
for 1-kg/m? increment of BMI 0.87 [95% CI 0.81-0.94]).
The association between RP and coexisting CTS did not
remain in the final model after adjustment for other poten-
tial confounding factors. No relationship was observed

with arthritis or the other personal factors studied. RP was
associated with exposure to a cold environment or objects
(defined as temperature below 15°C [59°F]) for >4 hours
per day (OR 2.2 [95% CI 1.0—4.6]) and, to a lesser extent,
with the high repetitiveness of the task (OR 1.7 [95% CI
1.0-2.7]). No association was found with the use of vibrat-
ing hand tools or machines that made the hand vibrate (OR
1.3 [95% CI 0.6-2.6]). Of the psychosocial factors at work,
high psychological demand at work (OR 1.7 [95% CI 1.0—
2.7]) and low support from supervisors (OR 2.4 [95% CI
1.5-3.8]) were highlighted in the final logistic model. Lo-
gistic modeling for men and women separately showed
that the risk factors differed considerably between the
sexes, except for age (ORs ranging from 2.2 to 2.3 for men
and from 1.8 to 2.8 for women). Therefore, only exposure
to a cold environment or objects (OR 4.5 [95% CI 1.9—
10.7]) remained in the model for men, and high repetitive-
ness of the task (OR 1.8 [95% CI 1.0-3.2]), high psycho-
logical demands of the job (OR 2.7 [95% CI 1.4-5.2]), and
low supervisor support (OR 2.6 [95% CI 1.4—4.7]) re-
mained in the model for women.

DISCUSSION

This study showed a relatively low prevalence of RP in
this regional working population and highlighted a limited
number of personal and work-related risk factors for RP
that differed between the sexes.

The prevalence in this working population ranged over
the same orders of magnitude as observed in Spanish and
Italian general populations (15,20); however, higher prev-
alence has been reported (above all for men) in the several
surveys conducted in the US (5,17,19), UK, Japan (14,16),
and French Alps (27). This discrepancy might reflect not
only differences between the populations studied and the
definitions used, but also lower exposure to a cold climate
due to the mild climate of the region studied.

RP was associated with a limited number of risk factors
in this working population. The higher risk of RP among
women agrees with the findings from most epidemiologic
studies in the general population (5,6,8,17,19,20). Our re-
sults cannot be compared to most studies undertaken in
selected working populations since the sex ratio in our
sample differed considerably from that of highly exposed
workers (mostly men) performing strenuous tasks (13).
The higher risk of RP in women might reflect both physi-
ologic predisposition (sex effect) such as hormonal factors
(6), and overexposure to work-related constraints (sex ef-
fect). The increase in risk of RP with age is consistent with
results from some studies in the general population (6,14),
but contradictory results have also been reported (18).
Moreover, this finding must be interpreted with caution
since the role of age cannot easily be deciphered from the
effects of cumulative exposure to occupational hazards
because of the high correlation between age and length of
service. The lower risk of RP in cases of high BMI agrees
with the findings from some studies (4,27) and could be
explained by a lower exposure of the digital arteries to
cold in obese people (27). The association of RP with CTS
has been reported previously (20,28), but the relationship
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we observed was not confirmed by multivariate analyses.
Most cases were bilateral and no association was observed
with arthritis or connective tissue diseases, suggesting that
most cases of RP were idiopathic; however, due to the
sample size, very few workers had such disorders in our
study, in contrast with patients consulting rheumatology
clinics for treatment of RP (1). This result agrees with the
results from surveys in the general population (18,20) and
may be explained by a healthy worker effect, leading se-
verely injured workers to cease working.

The main biomechanical work-related factor was the
high repetitiveness of the task requiring repetitive hand
movements (in men), which is in accordance with the
findings of studies examining selected working popula-
tions performing repetitive movements in the manufactur-
ing industry, forestry industry, and food industry (10—
13,29). Most of these workers were exposed to both
repetitive movements and either hand-transmitted vibra-
tions or cold environments, but our results suggest that
repetitive movement could act as an independent factor.

Working in a cold environment (ambient temperature
below 15°C [59°F]) and handling cold objects and hand
tools were strongly associated with RP in our study. This
might be explained by the definition of the disorders used,
but agrees with findings from previous epidemiologic
studies and the physiopathology of RP (1,13).

In contrast to the large study by Palmer et al in the
general population of the UK and several studies in more
selected working populations (11,12,14), no statistically
significant association was found between RP and expo-
sure to hand-transmitted vibrations by vibrating tools or
machines after adjustment for potential confounders. This
could be explained by the lack of statistical power of the
study since few workers (only 13%) were exposed (for >2
hours/day) to vibrating tools or machines in our working
population compared to studies involving highly exposed
workers (10,11,30).

In our study, psychosocial work characteristics were
appraised with reference to the demand—control-support
model (31), which hypothesizes that the combination of
high job demands and low possibilities of control of the
job (called job strain) leads to stress and stress-related
health outcomes (13,31,32). A low level of social support
enhances the adverse effects of this combination, which is
then called a job isostrain situation (31,32). Our results
show that performing a job requiring high psychological
demand and offering low support from supervisors in-
creased the risk of RP. Consequently, the risk of RP seemed
to be influenced by 2 major work-related psychosocial
stressors, independently of biomechanical and environ-
mental exposure, and the amplitude of the effect seemed to
be in the same order of magnitude as for work-related
biomechanical and environmental factors. As far as we are
aware, few studies have reported relationships between RP
and occupational psychosocial stressors, despite the infor-
mation accumulated regarding their impact on cardiovas-
cular health and MSDs (31,32). The higher risk of RP in
workers exposed to occupational psychosocial stressors in
this study is supported by clinical experience and the
provocation effect of emotional stress among many pa-
tients (1,2,7,33); however, although our results are biolog-

ically plausible, no causal conclusion could be drawn due
to the cross-sectional design of the study.

It has been shown that personal risk factors for RP dif-
fered between the sexes in the general population (5). Our
study in a working population showed that the work-
related risk factors for RP differed between men and
women, with a greater influence of environmental and
biomechanical constraints in men and of psychosocial
work environment in women. Although the lack of statis-
tical power of our study could partly explain these results,
they might also reflect the different mechanisms influenc-
ing the expression of RP in men and women (5) and vari-
ations in the exposure to biomechanical and psychosocial
constraints at work.

The surveillance method was based on a large regional
sentinel network of OPs that allowed the random inclu-
sion of a large sample of workers during their compulsory
annual occupational health examination to ensure a rep-
resentative sample of the region’s workforce. Although few
workers failed to participate, a healthy worker effect could
have occurred due to the cross-sectional design of the
study and, since patients unable to work because of RP or
associated diseases were not analyzed, this may have
caused an underestimation of the estimates of risk. The
surveillance program involved upper extremity MSDs as a
whole and did not focus on RP. The physicians therefore
had no particular interest in RP that could have led to a
diagnostic bias and an overestimation of the prevalence of
RP.

RP was assessed by a self-administered questionnaire to
evaluate the occurrence of symptoms in the fingers during
the previous 12 months and then by a personal interview
asking about changes in finger color. Symptoms in the toes
or nose and the occurrence of headaches were not checked
and we could not assess the occurrence of symptoms in
both the upper and lower extremities. Information on
sclerodactyly and digital pitting scars (if collected) was not
available. There was no color chart showing well-demar-
cated local blanching of the fingers used to assist the
diagnosis (34), and therefore our definition of RP may lack
specificity. Few connective tissue diseases occurred in this
sample of workers, but their assessment was based only on
the medical files and without specific clinical examination
or biologic analyses. Despite their potential association
with RP, no information was available on any possible
family history of RP, smoking status, caffeine consump-
tion, or treatment with antihypertensive medication (10);
however, contradictory results have been reported in the
general population (5,18) and, although these factors may
represent important confounders, their influence is prob-
ably not sufficient to diminish the value of the study.

While the potential determinants of RP are numerous,
few studies examining workers have simultaneously taken
into account the main personal and occupational risk fac-
tors for RP described in the literature. For most workers,
the length of service was longer than the previous 12-
month period chosen for the assessment of work exposure,
and this reduced exposure classification errors. The most
serious drawback to exposure assessment in this study was
that occupational risk factors were assessed through a
self-administered questionnaire, meaning that we cannot
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exclude the possibility that self-reported exposure may
have biased risk estimates.

In conclusion, this study showed that personal and
work-related factors were associated with RP. Since most
individual factors are less modifiable than work-related
factors, exposure to cold, repetitive movements, and psy-
chosocial stressors should be an important target of strat-
egies for the prevention of RP in the working population.
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