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Objectives   The aim of this study was to examine the association between white fingers, cold environment, 
and exposure to hand–arm vibration (HAV). The hypothesis was that working in cold climate increases the risk 
of white fingers. 

Methods   The occurrence of white fingers was investigated as a cross-sectional study in a cohort of Swedish 
male construction workers (N=134 757). Exposure to HAV was based on a job-exposure matrix. Living in the 
north or south of Sweden was, in a subgroup of the cohort, used as an indicator of the exposure to cold environ-
ment (ie, living in the north meant a higher exposure to cold climate). The analyses were adjusted for age and 
use of nicotine products (smoking and snuff).

Results   HAV-exposed workers living in a colder climate had a higher risk for white fingers than those living in 
a warmer climate [odds ratio (OR) 1.71, 95% confidence interval (95% CI) 1.42–2.06]. As expected, we found 
that HAV-exposed workers had an increased risk compared to controls (OR 2.02, 95% CI 1.75–2.34). The risk 
for white fingers increased with increased level of exposure to HAV and also age.  

Conclusions   Cold environment increases the risk for white fingers in workers occupationally exposed to HAV. 
The results underscore the need to keep exposure to HAV at workplaces as low as possible especially in cold 
climate. 
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Raynaud’s phenomenon denotes an episodic vasospasm 
of the peripheral vessels, causing discoloration of the 
fingers, known as white fingers, and occasionally the 
toes, ears, and nose. It comprises both primary Rayn-
aud’s, where the phenomenon is idiopathic, and sec-
ondary Raynaud’s, where it is caused by some other 
instigating factor. Occupational exposure to hand–arm 
vibration (HAV) has been associated with a secondary 
form of Raynaud’s localized to the fingers and thereby 
known as vibration-induced white finger disease (VWF). 

The association between VWF and occupations 
involving work with vibrating tools has clearly been 
established in epidemiological studies (1), but the 
association between VWF and cold climate have been 
sparsely investigated. Studies of HAV-exposed workers 
in tropical or subtropical areas have shown no, or very 
small prevalence of WF (2–4) leading the authors to 

conclude that the absence of symptoms could be due to 
the warm climate. A study carried by Yu et al (5) is the 
only one, as far as we know, where workers in both cold 
and warm climate have been studied on the same occa-
sion. They found that the prevalence of VWF was higher 
in the north part of China compared with the south and 
midwest. However, the study lacked information about 
the influence of differences in the exposure of vibration 
as well as confounding factors for WF such as age and 
use of nicotine.

This study was designed to further examine the 
influence on working in cold climate on the risk of WF 
among HAV-exposed workers. We examined the risk 
among construction workers who reported the occur-
rence of WF, while the exposure to HAV was estimated 
through a job-exposure matrix. In this study, we adjusted 
for age and the use of nicotine.
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Methods

The cohort consisted of workers in the Swedish con-
struction industry that participated in health examina-
tions on a regular basis (at intervals of 2–3 years), from 
the late 1960s until 1993, in a nationwide occupational 
health project. The workers were invited at intervals of 
2–5 years (6). Although the program was voluntary, at 
least 80% of eligible workers participated (7). During 
the health examination, the workers also answered a 
questionnaire about their working conditions and health 
status. During the period 1971–1974, the experience of 
WF was ascertained with the following question “Do 
your fingers become white and cold if they are exposed 
to wet or are chilled? No/Yes”. Data (including occupa-
tional titles and smoking habits as well as use of snuff) 
from the health examinations and questionnaires were 
registered in a database (7).

A job-exposure matrix was developed to assess 
exposure to HAV. The exposure assessment was based 
on a survey conducted in the mid-1970s (8). Each occu-
pation was studied at visits to approximately five work-
sites in different geographical regions of Sweden, but as 
many as 15 studies were performed when five worksites 
were judged not to provide enough information of the 
relevant exposures. The daily exposure to different 
agents in the work environment was graded on a 0–5 
scale by occupational hygienists and physicians. Level 
3 corresponded to the hygienic threshold value at the 
time of the study. When no such limits were applicable, 
as in the case of HAV exposure, level 3 corresponded 
to an exposure that – at that time –was considered to be 
“acceptable”. The assessments of HAV were made for 
each of the 212 codes used to describe each individual’s 
occupation.

Between 1971–1974, 138 394 workers were included 
in the cohort. From this group, females (N=3435) and 
subjects >67 years of age at the time of examination 
(N=202) were excluded. The resulting cohort con-
sisted of 134 757 men. The group exposed to HAV 
included 19 251 males (14.3%). All office workers in 
the cohort (N=3350) reported no exposure to HAV and 
were selected as the reference group. The use of nico-
tine products included smoking and snuff habits at the 
time of the health examination. When information on 
smoking or snuff use was not available from the time of 
the first examination, information from a later visit was 
used. In the analyses, the use of nicotine was classified 
as “yes” or “no”. Ex-smokers were classified as “no”.

The health examinations were conducted in 12 differ-
ent geographic regions. Contrast of cold environment was 
accomplished by choosing the most northern and southern 
regions. The most northern region (Luleå) included 12 
643 workers of which 1791 (14.2%) were exposed to 
HAV. The most southern region (Malmö) consisted of 

20 881 subjects of which 3064 (14.7%) were exposed 
to HAV. Odds ratios (OR) were calculated by ordinal 
and multinomial logistic regression, using the reference 
group as a control. The etiologic fractions was calculated 
as (RR-1)/RR, where RR is the adjusted OR for each 
category in comparison. All statistical analyses were 
performed with the statistical software package SPSS, 
version 16.0 (SPSS Inc, Chicago, Illinois, USA). The 
Regional Board of Ethical Vetting for medical research in 
Umeå, Sweden, approved the study (2009-88M).

Results

The prevalence of WF among those exposed to HAV 
was 13.4% and 8.4% among the referents. The risk for 
WF increased with age among both HAV-exposed work-
ers and referents (table 1). In workers exposed to HAV, 
the risk for WF was higher among nicotine users com-
pared to non-users [OR 1.56, 95% confidence interval 
(95% CI) 1.43–1.71].

There was an increased risk for WF among HAV-
exposed workers compared to the non-exposed reference 
group and also according to actual load (table 2). The 
risk was more pronounced for the two highest categories 
of vibration exposure (levels 4 and 5). The adjusted OR 
(ORadj) for WF for those exposed to HAV at the highest 
levels (4 and 5) compared to those exposed at the lowest 
levels (1, 2 and 3) was 3.53 (95% CI 3.22–3.88).

The risk for reported WF was higher in workers liv-
ing in the north compared to those living in the south 
(OR adjusted for age, nicotine and level of exposure: 
1.51, 95% CI 1.24–1.84). Furthermore, an analysis 
revealed that, within the reference group, there was no 
difference between the northern and southern region in 
the risk for WF (ORadj 1.02, 95% CI 0.59–1.76). 

Discussion

The results of our study support the hypothesis that low 
outdoor temperatures increase the prevalence of self-
reported WF among workers exposed to HAV, which 
is in agreement with earlier studies (1, 3–5). The aver-
age annual temperature was about 0º C in the northern 
region compared to 8º C in the southern region during 
the actual time period (9). The result shows that this 
modest difference in the mean temperature was asso-
ciated with a significant difference in the subjective 
reported occurrence of WF. 

It is a well-known fact that WF episodes are mani-
fested or occur when the temperature is low, because low 
temperature significantly influences peripheral blood 
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circulation (10, 11). One reason for our finding could be 
that the symptoms are more easily provoked in cold cli-
mate (ie, if the HAV-exposed workers living in the south 
had lived in the north they should have reported WF to 
the same extent). Another hypothesis could be that the 
decrease of the blood circulation in the fingers, due to 
work in cold climate, possibly influence the mechanisms 
of the vibration effects and in this way accelerates the 
risk of VWF (12). The finding of similar prevalence of 
WF among the referents (OR=1.02) somewhat speaks in 
favor of the latter hypothesis. However, a reason for the 
insignificant finding among the reference group could 
be that the office workers are less affected by outdoor 
temperature. 

Nicotine, as with cold, constricts the peripheral 
blood vessels, and we found WF to be more prevalent 
among HAV-exposed users of nicotine products, in line 
with previous findings (13–15). Use of nicotine products 
in combination with HAV showed a high risk of WF. It is 
not clear whether use of nicotine products interact with 
the same mechanism as HAV in causing WF or if they 
only enhance the reported symptoms (16). 

Moreover, the result shows that the OR for WF 
increases with age of the workers. For the reference 
group, this influence is significant for those >50 years of 
age. For HAV-exposed workers, this influence could be 
noticed from 30 years of age onwards, but in this study 
it is not possible to separate the cumulative vibration 
exposure from age. 

The preventive etiologic fraction estimates suggest 
that elimination of the use of nicotine products would 
result in a 24% reduction in WF among HAV-exposed 
workers and elimination of HAV exposure would reduce 
the occurrence by 51% in this group. An increase of the 
mean temperature of about 8o C would result in a 28% 
reduction in WF among the HAV-exposed workers.

The strength of this cross-sectional study was 
its use of a large cohort and internal control group. 

Furthermore, all the participants answered the same 
questionnaire about their working conditions and health 
status. However, the prevalence of WF has been esti-
mated from the questionnaire, and this self-reported 
prevalence has not been verified by medical investiga-
tions and could, therefore, include both primary and 
secondary Raynaud’s phenomenon. Moreover, the used 
question is not specifically related to primary or second-
ary Raynaud’s phenomenon and could have generated 
false positive responses. 

In the analyses, workers >67 years of age were 
excluded since this was the official retirement age in 
Sweden at that time. 

The job-exposure matrix was based on detailed 
exposure estimations from the mid-1970s. This is a 
strength of the study, although no formal validation had 
been made using measurements of the vibration expo-

Table 1. Odds ratios (OR) and 95% confidence intervals (95% CI) for the prevalence of white finger (WF) by age and use of nicotine 
products for those exposed to hand–arm vibration (HAV) and the reference group, crude analyses and adjusted OR (ORadj).

Referents HAV–exposed

N OR 95% CI ORadj 95% CI N OR 95% CI ORadj 95% CI

Age a

≤29 years 564 1.00 ·· 1.00 ·· 4019 1.00 ·· 1.00 ··
30–39 years 953 1.04 0.64–1.67 1.07 0.66–1.72 4205 1.21 1.05–1.39 1.24 1.07–1.43
40–49 years 919 1.31 0.83–2.09 1.37 0.86–2.19 4042 1.64 1.43–1.88 1.71 1.49–1.97
50–59 years 687 1.83 1.15–2.91 1.90 1.29–3.02 4838 1.91 1.67–2.17 1.98 1.74–2.26
≥60 years 227 1.85 1.02–3.36 1.95 1.07–3.54 2147 1.86 1.59–2.17 1.94 1.66–2.28

Nicotine a

Non–user 1824 1.00 ·· · ·· 6913 1.89 1.53–2.34 1.83 1.49–2.27
User 1526 1.26 0.96–1.67 1.33 1.01–1.75 12 338 2.86 2.33–3.50 2.88 2.35–3.53

a	The OR for age were adjusted for nicotine and the OR for nicotine were adjusted for age.

Table 2. Odds ratios (OR) and 95% confidence intervals (95% CI) 
for white fingers (WF) among workers exposed to hand–arm vibra-
tion (HAV), exposed to HAV at different levels, and in the different 
geographic locations compared to referents (N=3350, OR 1.00): 
crude analyses and adjusted for age and use of nicotine (ORadj).

HAV–exposed

N OR 95% CI ORadj 95% CI

Total 19 251 2.24 1.94–2.58 2.02 1.75–2.34

HAV level

Level 1 5747 1.73 1.47–2.03  1.41  1.23–1.62
Level 2 9925 1.63 1.40–1.90  1.49  1.28–1.74
Level 3 557 1.69 1.24–2.29  1.47  1.08–2.00
Level 4 1868 9.12 7.72–10.77  8.12  6.87–9.60
Level 5 1154 2.68 2.17–3.31  2.29  1.86–2.83

Geographic location

North 1791 2.29 1.89–2.78 1.99 1.63–2.43
South 3064 1.31 1.09–1.58 1.18 0.97–1.43
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sure or daily exposure time. For instance, the higher 
OR for reported WF among the HAV-exposed at level 
4 (eg, rock workers) compared to level 5 (eg, concrete 
workers) could be due to misclassification. The opposite 
classification perhaps would have been more appropri-
ate. However, it is difficult to quantify the 0–5-point 
scale for the grading of HAV exposure. Workers clas-
sified in category 3 (ie, acceptable exposure) were, for 
instance, concrete workers who used hand-held grinders 
for surface finishing of concrete walls and preparatory 
workers (foundation laying) using vibrating plate com-
pactors and grinders equipped with cutting wheels. By 
using information from conducted measurements (17) 
on different types of hand-held tools, it seems reason-
able to assume that workers categorized at level 3 have 
been exposed to a daily equivalent acceleration for eight 
hours [A(8)] between 3–4 m/s2. These accelerations are 
above the action level (2.5 m/s2) but below the expo-
sure limit value (5.0 m/s2) established in the European 
vibration directive (18). Some of the occupations, such 
as those working with asphalt, could be regarded as 
seasonal work and differences in the total exposure time 
have not being taken into account in the analyses. It is 
also reasonable to assume that some of the workers have 
changed work and previously been exposed to HAV as 
well as some of the workers in the reference group who 
could also previously have been exposed to HAV. Fur-
thermore, the exposure matrix is based on job titles only, 
and these titles have not taken the individual variation 
of exposure into account. 

The effect of temperature has only been estimated by 
outdoor mean temperature of the region at time of the 
health examination. There is no reason to assume that 
the amount of outdoor work differ between the north 
and south part of Sweden but there could, however, 
have been differences in the use of protective clothing. 
Some workers may also have moved from, and previ-
ously been exposed to, higher/lower mean temperatures. 
All such missclassification would mainly be random 
and cause underestimation of true associations. It is not 
known whether the risk is best described by differences 
in mean temperature or by the occurrence of episodes 
with very low temperature. In the northern region, there 
are regularly episodes with temperatures below -20o C 
during the winter. 

The possibility of a healthy-worker effect in con-
struction work must be considered. A tendency towards 
this could be seen from the finding that the OR for WF 
is lower for those >60 years than those aged 50–59 years 
among HAV-exposed workers but not the referents. 

Female workers were excluded because very few 
women were exposed to HAV (N=14). Compared to 
the male workers, the female workers showed a risk of 
WF (ORadj 2.83, 95% CI 2.25–3.55). Thus, our findings 
of male workers may not be valid for female workers.

Concluding remarks

Occupational exposure to HAV and cold environment 
increased the risk for WF compared to working in a 
warmer climate. The results underscore the need to 
keep exposure to HAV at workplaces as low as possible 
especially in cold climates. 
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