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Standing at work and varicose veins
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Objectives This study attempts to determine whether or not prolonged standing at work involves an excess risk
for the occurrence of varicose veins.

Methods A cohort of 1.6 million 20-to-59-year-old Danes gainfully employed in 1991 were followed for 3 years
according to first hospitalization due to varicose veins of the lower extremities. The exposure data came from a
representative sample of the baseline population. Altogether 5940 people were interviewed about occupational
exposure and confounding factors.

Results For men working mostly in a standing position, the risk ratio for varicose veins was 1.85 [95% confidence
interval (95% CI) 1.33—2.36] in a comparison with all other men. The corresponding risk ratio for women was
2.63 (95% C12.25—3.02). The results were adjusted for age, social group, and smoking.

Conclusions Working in a standing position is associated with subsequent hospitalization due to varicose veins
for both men and women.
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Varicose veins of the lower extremities is 1 of the 10
leading reasons for hospitalization in Denmark (1). In
fact, the most common in-hospital vascular disorder
among women is acute venous thrombosis of the minor
and major deep veins of the leg. In population studies
the prevalence of visible tortuous varicose veins has been
reported to be 10—15% for men and 20—25% for wom-
en (2—4). In a recent cross-sectional study in Edinburgh
the age-adjusted prevalence of varicose veins was 58%
for men and 48% for women (5).

Varicose veins are dilated, tortuous superficial veins
with incompetent valves. Primary varicose veins occur
in the absence of deep venous disease and generally have
a benign course, although the acute obstruction and in-
flammation of the superficial veins (acute thrombophle-
bitis) can be a rather painful and dramatic event. Vari-
cosities that occur secondary to obstruction and valvular
incompetence of the deep venous system are much more
serious and potentially lethal because of the associated
risk of pulmonary thromboembolism. The loss of the val-
vular mechanism in the deep venous system forces the
blood to follow abnormal pathways, particularly during

standing and exercise. In the standing position or during
walking the muscle pump pushes blood proximally, dis-
tally, and out through the perforating veins into the su-
perficial system. By increasing venous and capillary pres-
sures, this sequence of events, over a period of many
years, leads to chronic edema, repeated inflamation, and,
finally, to the postphlebitic syndrome including stasis
uleers that are difficult to manage and often disabling.
The etiology of venous vascular diseases has not been
studied systematically, but several clinical and occupa-
tional risk factors have been proposed in the literature.
Higher risks for varicose veins have been associated
with obesity, high systolic blood pressure, cigarette
smoking, and low levels of physical activity (6).
Unfortunately, there is no systematic literature review
regarding occupational risk factors for varicose veins.
Two recent narrative reviews on risk factors for varicose
veins, although published at the same time, differ regard-
ing the cited literature (2, 7). Both reviews conclude that
the evidence for occupational risk factors, including pro-
longed standing, for varicose veins is equivocal. How-
ever, the reviews neither searched the available literature
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systematically nor evaluated the methodological quality
of the reviewed studies. Most studies are cross-section-
al, have no adequate exposure measurement, and do not
control for confounders (8). Occupations associated with
varicose veins are textile workers (9) and department
store employees (10). One study reported that varicose
veins were associated with heavy lifting but not with
standing work postures (9). Seven studies suggest that
prolonged standing at work is associated with venous dis-
eases (3, 6, 11—13). Two studies did not find an associ-
ation between varicose veins and occupational factors
(14—15). Two other higher quality population-based
studies showed a significant association between work
posture and varicose veins (3, 6). One, the Mini Finland
Health Survey, reported a higher prevalence of varicose
veins for men mainly standing at work, a finding which
became significant only after adjustment for age and sev-
eral other variables. However, prolonged standing often
precipitates the symptomatology of varicose veins (heav-
iness and swelling). Therefore the temporal relationship
between standing and varicose veins, and thus the cau-
sality, remain ambiguous in cross-sectional studies. Pro-
spective studies are necessary to test the possibility of a
causal relationship between prolonged standing and var-
icose veins. So far, only 1 prospective study, the popula-
tion-based Framingham study, has addressed occupation-
al factors. It found that women who reported spending
28 hours a day in sedentary activities had a significantly
higher incidence of varicose veins than those who spent
<4 hours a day in such activities (6). The Framingham
study did not, however, address standing per se.

This new prospective study with a 3-year follow-up
of the Danish population hypothesized that working in a
standing position or walking results in higher hospitali-
zation rates due to varicose veins.

Subjects and methods

Study population

The Occupational Hospitalization Register was used to
calculate occupational age-standardized hospitalization
ratios (SHR) in 1991—1993 against certain job group
characteristics obtained from a representative random
sample of the baseline population. The register is a re-
search register with individual-level data on occupations,
hospitalizations, and deaths in various cohorts and fol-
low-up periods. All men and women in Denmark aged
20—59 years in January 1991 are included and classi-
fied according to their most important occupation in
1990. The information has been recorded by linkage of
the population census of Denmark to the National In-pa-
tient Register, the Death Register, and the Employment
Classification Module. The Employment Classification
Module contains yearly information on economic
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activity, occupational classification, and industry. The
occupational code is an extended classification of the In-
ternational Standard Classification of Occupation, 1968
version, which also includes self-employed persons. The
industrial code is a national extension of the Internation-
al Standard Classification of all Economic Activity, 1968
version. The National In-patient Register provides infor-
mation on more than 99% of all admissions to Danish
hospitals, and it is updated every year. The personal iden-
tification number from the National In-patient Register
was used in the cross-linking procedure and for informa-
tion on gender, date, and year of birth.

Exposure information for occupational groups from
the database of the Occupational Hospitalization Regis-
ter was obtained through a representative random sam-
ple from the Central Population Register of Denmark in
1990, which contained 9653 adults in the age range of
18—59 years. Of these, 8664 agreed to be interviewed
by telephone (response 90%), and 5940 of the respond-
ents were employees or had been so during the last 2
months before the interview (16). A series of questions
about physical and psychosocial work environment, work
processes, and life-style was asked. The sample, which
we call the Danish work environment cohort study, in-
cludes 1 out of every 400 persons in the Occupational
Hospitalization Register.

Validity of the basic information

Age and gender are a part of the personal identification
number, and they are recorded practically without error.
Their completeness and accuracy are shown by the fact
that the matching of various registers according to the
personal identification number was 100% complete. Mis-
classifications of occupation are negligible among em-
ployees in the public sector, who total approximately
one-third of the male and half of the female work force.
In the private sector the primary data producers do not
routinely check data on occupation, but the Employment
Classification Module contains information from various
additional sources, and these additions help increase the
validity of the data. For example, a recent thesis showed
that 66% of the bus drivers occupied in the greater Co-
penhagen area for more than 6 months in 1980, accord-
ing to company personnel files, were also classified as
bus drivers employed by a bus company. An additional
30% had 1 piece of the information correct. It was shown
that this misclassification tends to bias the risk estimate
slightly towards unity (17).

Analysis

The data were analyzed in 3 steps. In the 1st step we plot-
ted standardized hospitalization ratios for varicose veins
against occupational groups stratified according to the
prevalence of smokers and the prevalence of people with
work that requires prolonged standing. The purpose of
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this step was to create a visual description of the associ-
ation between standing at work and varicose veins and
to check for inconsistencies between the strata. In the 2nd
step we used the Poisson regression to investigate the
association between standing at work and varicose veins
with simultaneous adjustment for social group and smok-
ing habits. These steps would provide measures of rela-
tive morbidity between occupational groups with a high
prevalence of exposed persons and those with a low prev-
alence of exposed persons. They would not, however,
provide estimates of risk ratios between the exposed and
unexposed persons. In the 3rd step we used elementary
algebra to extract the individual-level risk ratio from the
estimates provided in the 2nd step of the analysis.

Exposure definition

Two group-level variables, smoking and standing at
work, were formed for use in the Danish work environ-
ment cohort study. The smoking variable was defined in
the following way: (i) the current and the former smok-
ers were all classified as “smokers”, (i) the proportion
of smokers in each occupation was calculated, (iii) the
occupations were ranked according to smoking preva-
lence (1=lowest), (iv) the occupations in the first quar-
tile with respect to the ranking were classified as having

Table 1. Number of occupations and respondents in the Danish
work environment cohort study, persons at risk, cases of vari-
cose veins in the study base, and hospitalization rate by gender,
proportion of smokers and proportion of standing at work.

Gender Danish work environment Occupational
cohort study hospitalization
register
Propor-  Proportion Occupa- Respon- Persons Cases of
tion of  standing tions dents atrisk  varicose
smokers at work (N) (N) (N)  veins (N)
Men
Low
Low 5 179 65 409 69
Medium 5 186 70 964 122
High 1 54 19 762 58
Medium
Low 4 419 81783 132
Medium 13 600 204 614 419
High 4 186 86 817 204
High
Low 3 252 105 224 189
Medium 5 242 64 660 150
High 4 89 27 912 82
Women
Low
Low 2 114 28 706 55
Medium 4 81 30 431 105
High 1 41 1632 9
Medium
Low 5 563 259 611 603
Medium 8 713 280926 1208
High 4 291 141 557 953
High
Low 1 22 416 1
Medium 6 194 55 814 233
High 2 324 80 293 496

416  5scand J Work Environ Health 2000, vol 26, no 5

a “low proportion of smokers”, (v) occupations in the 4th
quartile were classified as having a “high proportion of
smokers”, and (vi) the remaining job groups were classi-
fied as having a “medium proportion of smokers”.

The occupational standing variable was formed in the
same manner as the smoking variable. Occupations were
classified as having a “low proportion of standing” if they
were in the 1st quartile with respect to the proportion of
employees with work that required them to stand or walk
more than 75% of their workshift. Occupations in the 2nd
and 3rd quartile were classified as having a “medium pro-
portion of standing”. Occupations in the 4th quartile were
classified as having a “high proportion of standing”.

To obtain a reasonable precision in the estimated pro-
portions, we excluded occupations with less than 15 re-
spondents in the Danish work environment cohort study.
Altogether, 44 male occupations and 33 female occupa-
tions were large enough to be included in the analyses.
The proportion of smokers in the examined occupational
groups varied between 31% and 88% (1st quartile <61%
smokers, 4th quartile >75% smokers) among the men and
between 44% and 83% (1st quartile <53% smokers, 4th
quartile >68% smokers) among the women. The propor-
tion of people standing more than 75% of their workshift
varied between 0% and 100% (1st quartile <31%, 4th
quartile >90%) among the men and between 0% and 99%
(1st quartile £9%, 4th quartile >73%) among the wom-
en. The distribution of occupations and persons with re-
spect to the “smoking” and “standing” variables is given
in table 1.

Outcome definition

All gainfully employed people in Denmark belonging to
any of the selected occupations were followed from 1991
to 1993 for first hospital admission with varicose veins
in the lower extremities [454 code of the International
Classification of Diseases, 8th revision (ICD-8] as the
principal discharge diagnosis. Altogether 727 145 men
and 878 756 women were included in the follow-up.

Steps 1 and 2 — a group-level analysis

Standardized hospitalization ratios (SHR), by occupation-
al group and gender, were calculated by dividing the ob-
served number of hospitalizations by the expected
number. The expected number was based on correspond-
ing gender and 5-year age-specific incidence rates for all
gainfully employed persons in Denmark. The cohort
members were no longer at risk of being admitted to a
hospital in Denmark (censored) from the date of first
emigration or from date of death, whichever came first.

Since the employment groups were large in relation
to the number of cases, it was appropriate to model the
standardized hospitalization ratio by a log-linear Poisson



regression with the expected number of discharges as an
offset. We performed an occupational-level multiple
regression with the proportion of smokers (low, medi-
um, high), the proportion of people in a prolonged stand-
ing position (low, medium, high), and the social group
(senior salaried staff, leading salaried staff, other sala-
ried staff, skilled workers, and unskilled workers) (18)
as the explanatory indicator variables. We estimated the
parameters using SAS (statistical analysis system of the
SAS Institute, Inc) Proc Genmod, and we calculated the
large-sample 95% confidence intervals (95% CI) using
the estimated standard errors.

Step 3 — extraction of individual-level estimates

The preceding steps provided a pattern for the standard-
ized hospitalization ratios and told us whether or not the
proportion of exposed people in the various job groups
was associated with the studied morbidity. They did not,
however, furnish estimates of the relative risks between
the exposed and unexposed persons. Since the employ-
ment groups with a high proportion of exposed persons
also contained a certain proportion of unexposed people
and vice versa, the effect of standing at work was under-
estimated in step 2.

Bias toward unity depends on the proportions in ques-
tion. If, for example, the true risk ratio is 2.0 and 70% of
the people in group A are exposed while only 20% are
exposed in group B, then the group-level risk ratio (RR)
between group A and B would be reduced to
(0.7x240.3x1)/(0.2x2+0.8x1)=1 4.

In general terms, if RRg is the group-level RR, RR,
is the individual-level RR, P, is the proportion of ex-
posed persons in group A, and Py is the proportion of
exposed persons in group B, then

RRg = [PARR; + (1 - P)]/[PgRR, + (1 - Py)i, M
which is equivalent to

RR, = [RRg (1 —Py) + P, — 11/ [P, — RR.Py). )

We knew the proportions of exposed people in the vari-
ous groups. The individual-level risk ratios could there-
fore be derived from risk ratios estimated on a group lev-
el. With the group-level estimates from step 2, for the
occupational groups with a high and low prevalence of
prolonged standing, we used equation 2 to estimate the
individual-level risk ratio between employees that spent
more than 75% of their workday in a standing position
and the rest of the working population. To take the sam-
pling errors into account, we used the propagation-of-er-
ror formulas (19) in the formation of the 95% confidence
intervals around the estimated individual-level risk ra-
tios.
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Results

Table 2 (see page 418) shows the standardized hospitali-
zation ratios for varicose veins by occupation for the cat-
egories of a high and low proportion of standing. In gen-
eral we found a consistent pattern for low standardized
hospitalization ratios due to hospitalization with varicose
veins in occupational groups with a low proportion of
standing work. For the men the overall standardized hos-
pitalization ratio in this category was 76 (95% CI 68—
84). Two job groups had standardized hospitalization ra-
tios above 100, but none of the 12 occupational groups
had a statistically significant high risk. For male occu-
pations with a high proportion of standing the overall
standardized hospitalization ratio was 137 (95% CI
123—153). Three job groups had standardized hospital-
ization ratios below 100, but none of these groups had a
significantly low risk. For women we found the same
consistent pattern of low risk in occupations with a low
proportion of standing at work (SHR 54, 95% CI 50—
59) and a high risk (SHR 143, 95% CI 136—150) for
occupations with a high proportion of standing at work.

Figure 1 (see page 419) presents the age-standardized
hospitalization ratios for the occupational groups strati-
fied according to the proportion of standing and the pro-
portion of smokers. Again, a consistent pattern of increas-
ing risk of varicose veins with an increasing proportion
of standing at work.

The results from the group-level Poisson regression,
in which all the variables were handled simultaneously,
are given in table 3 (see page 419).

From equation 2, the extracted age, social group, and
smoking standardized risk ratios for varicose veins
among people who stand more than 75% of their work-
shift compared with the other employees was 1.85 (95%
CI 1.33—-2.36) for the men and 2.63 (95% CI 2.25—
3.02) for the women.

Discussion

Surveys based on random population samples, as well as
record-linkage studies, have both strengths and weakness-
es. Much information on potential confounders is avail-
able from surveyed samples, but diseases are often too
rare to be studied in such samples. Disease frequencies
may be sufficient in record linkage studies based on the
entire population, and follow-up periods are often suffi-
ciently long. In this study we used a hybrid approach and
combined information from a surveyed subsample with
information from record-linkage data on the entire pop-
ulation. This procedure enabled us to analyze the
association between standing at work and venous
vascular disease prospectively while controlling for age,
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Table 2. Standardized hospitalization ratios (SHR) and 95% confidence intervals (95% Cl) for varicose veins in 1991—1993 by occupa-~
tion, proportion of standing at work, and proportion of smokers in 1990.

Gender Proportion People at ~ Observed Expected SHR 95% Cl
of smokers risk (N) (N) (N)
Men
Low proportion of standing work?
Architect, engineer (4202) Low 41 080 44 89.3 49 36—66
Agent, retail manager, estate agent (4241) Low 8038 13 20.0 65 35—111
Bookkeeper, cashier (4332) Low 6 901 8 15.1 53 23—105
Programmer (4408) Low 3486 1 56 18 0—99
Accounts staff, bank clerk (4432) Low 5904 3 75 40 8—116
Head of administration (4220) Medium 25 467 42 67.7 62 45—84
Salesman (4441) Medium 25 575 54 429 126 94—164
Otfice manager, head clerk, etc (4231) Medium 14 281 11 34.0 32 16—58
Shop supervisor (4341) Medium 16 460 25 35.0 71 46—106
Office staff (4431) High 40 136 49 594 82 61—109
Transport staff (4497) High 4892 9 9.9 91 42—173
Professional driver (4697) High 60 196 131 128.4 102 85—121
Total 252 416 390 514.8 76 68—=84
High proportion of standing work?
Unskilled food industry worker (4677) Low 19 762 58 315 184 140—238
Skilled construction worker (4595) Medium 40739 86 72.0 119 96—147
Unskilled wood industry worker (4681) Medium 9 496 52 21.7 240 179—314
Manufact., rubber and plastic (4690) Medium 1983 4 3.0 133 36—343
Fitter, mechanic (4584) Medium 34 599 62 67.9 91 70—117
Skilled food industry worker (4577) High 10 637 51 217 235 175—309
Painter (4593) High 10 811 20 21.2 94 58—145
Janitor, cleaner (4652) High 6197 11 10.7 103 51—184
Metal worker (4683) High 267 0 0.6 0 0—586
Total 134 491 344 250.5 137 123—153
Women
Low proportion of standing work?
Office manager, managing clerk etc (4231)  Low 9403 13 43.2 30 16—52
Accounts staff, bank clerk (4432) Low 18 673 42 79.7 53 38—71
Office supervisor (4331) Medium 4 815 9 26.1 34 16—66
Office staff (4431) Medium 231 770 547 956.7 57 52—62
Head of administration (4220) Medium 4 057 6 211 28 11—62
Book—keeper, cashier (4332) Medium 8043 16 39.4 41 23—66
Technician (4403) Medium 10 926 25 43.9 57 37—85
Electrician’s assistant (4685) High 416 1 2.1 48 1—267
Total 288 103 659 1212.0 54 50—59
High proportion of standing work?
Shop worker (4641) Low 1632 9 5.3 170 77—320
Leading hotel and catering staff (4351) Medium 1536 11 6.5 169 84—303
Building administration staff (4452) Medium 831 6 4.3 140 51—301
Hotel worker, home help etc (4651) Medium 87 696 619 397.5 156 144—168
Janitor, cleaner (4652) Medium 51 494 317 250.1 127 113—142
Hospital staff (4406) High 75 377 475 337.4 141 128—254
Other hotel and catering staff (4451) High 4916 21 20.1 104 65—160
Total . 223 482 1458 1021.3 143 136—150

a Code of the extended classification of the International Standard Classification of Occupations in parentheses.

gender, smoking, and social group. The results showed a
consistent pattern of a graded and statistically significant
relationship between standing at work and hospitaliza-
tion with varicose veins for both men and women. Our
results point to a strong association between standing and
walking at work and the subsequent occurrence of vari-
cose veins.

The validity of this association is, however, based on
the assumption that there was no differential misclassifi-
cation of exposure. We found the risk of differential mis-
classification very small for the following 3 reasons: (i)
the exposure measure was based on the average response
in job groups, not on the responses of individual persons,
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(i1) the evaluation of the standing and walking workhours
was performed by a healthy group of workers, most of
whom had not been and never will be hospitalized for
varicose veins; and (iii) the information on standing and
walking at work is very unlikely to be influenced by at-
titudes or general health status since this is a rather mat-
ter-of-fact piece of information. Therefore, we have no
reason to believe that the association found was due to a
differential misclassification of exposure.

However, a higher inclination to seek hospital treat-
ment among workers standing at work cannot be ruled
out. In such a case our result would involve slight over-
estimation because we had no possibility to exclude these



people from the study base. We cannot rule out the
possibility that people of higher socioeconomic status are
more likely to seek help in private clinics outside the
hospital system. If so, we may have overestimated the
risk. On the other hand, we have adjusted for social
group. This adjustment is likely to have resulted in over-
adjustment because both the amount of standing at work
and socioeconomic status are determined by occupation-
al group (20). We used hospitalizations as a proxy meas-
ure for the underlying incidence of varicose veins. Stud-
ies using hospitalization as the end point are often asso-
ciated with referral or admission bias arising from social
and geographic differences in the tendency to consult
hospitals for medical care (21—22). All health care in
Denmark is, however, free of charge and a hospital can
be promptly reached by any citizen. It was earlier shown
for ischemic heart disease that lower-grade hospital staff
was the only occupational group that was subject to re-
ferral bias (21), and we expect the same to be true for
varicose veins. It is known that circulatory diseases cause
strong migration from heavy work to light work and out
of work. For more severe varicose veins this selection
effect may also be strong. Our 1-year assessment of the
occupation before the baseline of the 3-year follow-up
may have reduced this selection considerably, but some
remaining healthy worker effect may have biased our re-
sults towards unity.

The biological basis for the standing hypothesis is the
impeded blood flow and consecutive stasis in veins of
the lower extremities because of increased intravascular
hydrostatic pressure in an upright work position. Stasis
in the venous system is a key mechanism in venous vas-
cular disease. Stasis increases the risk for coagulation and
thrombus formation. The same mechanisms operate dur-
ing walking, but probably to a less degree because the
activation of the leg muscle pump during walking may
reduce the venous stasis associated with an upright posi-
tion as long as the venous valves are intact. Once the
venous valves are incompetent, walking may actually
increase venous pressure in the lower extremities because
of a reversal in blood flow.

Studies designed to identify dose-response relations
and threshold limits should be carried out. These studies
should also include other disease outcomes associated
with prolonged standing, such as low-back pain (23) and
arterial cardiovascular outcomes (24—25). The follow-
up of men with varicose veins in the Framingham study
indicated that varicose veins may be a risk factor for in-
termittent claudication and, at least in the lower social
class, for coronary heart disease (24). A recent prospec-
tive Finish study showed that rapid progression in carot-
id atherosclerosis was predicted by prolonged standing
at work, and the hypothesis was raised that hemodynam-
ic changes associated with standing at work may play a
role in both venous and arterial vascular disease (25).
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Figure 1. Standardized hospitalization ratios (SHR) and 95% confi-
dence intervals for varicose veins by proportion of standing at work
and proportion of smokers. Danish men and women aged 20—359
years in 1991 and followed for 3 years.

Table 3. Age-standardized risk ratios (RR) and 95% confidence
intervals (95% Cl) for varicose veins, obtained by Poisson re-
gression with simultaneous adjustment for the proportion of
standing at work, proportion of smokers, and social group.

Men Women
Ad- 95%Cl  Ad- 95% CI
justed justed
RR RR
Proportion of workers standing
at work
Low (men 17%:2, women 2.7%%)  1.00 . 1.00
Medium (men 63%?2, women
54%3) 1.25 1.08—1.44 1.97 1.75—2.21

High (men 95%2, women 85%%)  1.58 1.30—1.91 2.29 2.02—2.60

Proportion of smokers

l.ow (men 56%®, women 50%")  1.00 . 1.00
Medium (men 68%?®, women
59%®) 1.04 0.89—1.22 1.22 1.04—1.44

High (men 80%?", women 71%%)  1.08 0.89—1.32 1.18 0.98—1.42

Social group

Senior salaried staff 1.00 . 1.00 .
QOther salaried staff 1.46 1.17—1.83 2.29 1.70—3.09
Skilled workers 1.51119—1.01 . .
Unskilled workers 1.74 1.35—2.25 2.62 1.95—3.53

a Proportion in the quartile who stands or walks more than 75% of the
time.
b Proportion in the quartile who has ever smoked.

In conclusion, we found that working in a standing
position or walking was associated with subsequent hos-
pitalization due to varicose veins for both men and wom-
en.
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