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Occupational Risk Factors for Systemic Lupus
Erythematosus: A Nationwide Study Based on
Hospitalizations in Sweden
XINJUN LI, JAN SUNDQUIST, KRISTINA SUNDQUIST, and BENGT ZÖLLER

ABSTRACT. Objective. To investigate possible associations between occupation and hospitalization for systemic
lupus erythematosus (SLE) in a nationwide study.
Methods. A nationwide database was constructed in Sweden by linking the Swedish Census to the
Hospital Discharge Register to obtain data on all first hospitalizations with a primary or secondary
diagnosis of SLE in adults during the study period (1970 to 2008). Standardized incidence ratios
(SIR) and 95% CI were calculated for different occupations. Two cohorts were defined based on
occupational titles recorded in Swedish census data in 1970 and 1980.
Results. A total of 8921 male and 42290 female hospitalizations for SLE were retrieved in individ-
uals aged over 15 years. High education (> 12 yrs) was associated with a lower risk of hospitaliza-
tion for SLE among both women (SIR = 0.73) and men (SIR = 0.72). Among men with the same
occupation in 2 consecutive censuses, increased risks (SIR) > 2.0 were present among artistic work-
ers (2.52); shop managers and assistants (3.63); miners and quarry workers (6.04); shoe and leather
workers (6.93); plumbers (2.21); other construction workers (2.08); glass, ceramic and tile workers
(4.43); chimney sweeps (4.54); and military personnel (3.01). Among women with the same occu-
pation in 2 consecutive censuses, no occupation was associated with SIR > 2.0. 
Conclusion. Occupation may carry significantly increased risk of hospital admission for SLE.
Especially among men, several occupations were associated with increased risks for SLE. 
(First Release March 1 2012; J Rheumatol 2012;39:743–51; doi:10.3899/jrheum.110789)
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The causes of systemic lupus erythematosus (SLE) are
incompletely understood. A multifactorial etiology involv-
ing genetic susceptibility, age, hormonal factors, and envi-
ronmental triggers has been suggested. Case reports have
suggested possible roles for various infectious triggers of
SLE, and the strongest evidence for a relationship between
infection and SLE is the case of Epstein-Barr virus.
Cigarette smoking and a number of occupational and envi-
ronmental exposures, e.g., silica, solvents and chemicals,
have also been associated with SLE1.

There is a growing body of evidence implicating socio -
economic status (SES) as a risk factor for SLE2,3,4.
Socioeconomic factors may influence the risk of the disease
in many ways. For example, exposure to harmful agents
may be related to occupational, residential, and lifestyle fac-
tors, which may depend on SES. Some studies have found
increased risks for incident SLE among some occupational
categories2,4,5, and increased mortality in SLE among dif-
ferent occupations6; few studies have reported associations
between specific occupations and the incidence of SLE5,7,8.
Most studies to date have been case-control studies, and
most of these have used prevalent cases and relied on self-
reporting for exposure assessment, which may lead to sur-
vivorship and recall bias. Due to the lack of nationwide pop-
ulation-based data on the association between socioeconom-
ic and occupational factors and SLE, we conducted a fol-
lowup study of the entire Swedish population. Our aim was
to investigate the association between education, occupa-
tion, and hospitalization for a primary or secondary diagno-
sis of SLE among men and women over 15 years of age. 

MATERIALS AND METHODS

MigMed research database. Data used in our study were retrieved from the
MigMed database, located at the Center for Primary Health Care Research
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at Lund University, Sweden. MigMed is a single, comprehensive database
that contains individual-level information on all people in Sweden, includ-
ing age, sex, SES (education), occupation, geographical region of resi-
dence, hospital diagnoses and dates of hospital admissions in Sweden
(1964–2008), date of emigration, and date and cause of death. This unique
database was constructed using several national Swedish data registers
including, but not limited to, the total population register, the multi -
generation register, and the Swedish hospital discharge register
(1964–2008)9,10,11. 

Information retrieved from the various registers in the MigMed data-
base was linked at the individual level by the national 10-digit civic regis-
tration number assigned to each person in Sweden for his or her lifetime.
Prior to inclusion in the MigMed database, civic registration numbers were
replaced by serial numbers to ensure the anonymity of all individuals. 

From this database, individuals were allocated to 1 of 2 census cohorts
based on their occupational history. The 1970 census cohort consisted of
individuals with a registered occupation in the 1970 census; the 1970/1980
census cohort consisted of individuals with the same registered occupation
in the 1970 and 1980 censuses, i.e., in 2 consecutive censuses. Two cohorts
were defined for both men and women: the first cohort included persons
aged ≥ 15 years in 1970 and categorized according to their occupational
status in 1970, and the second cohort included persons aged ≥ 15 years in
1970 who retained the same occupational title in 1970 and 1980. The start-
ing point for the followup periods differed between the 2 cohorts (see Table
2 and 3). All followup periods proceeded until first hospitalization for SLE,
death, emigration, or the end of the study on December 31, 2008.

Outcome variable. The eighth, ninth, and tenth revisions of the Inter -
national Classification of Diseases (ICD-8, ICD-9, ICD-10) were used to
identify all hospital admissions with a primary or secondary diagnosis of
the outcome variable SLE during the study period (1970–2008; ICD-8,
code 734.1; ICD-9, code 710.0; ICD-10, code M32).

Individual variables controlled for in the analysis. Gender: men and
women. 

Age at hospitalization was categorized in 5-year groups starting at 15 years. 
Occupation was coded according to national adaptations of the Nordic
Occupational Classification (NYK). NYK is a common Nordic adaptation
of the International Standard Classification of Occupation from 1958.
Three-digit codes were combined into 53 NYK occupational groups and 1
economically inactive group12. Occupational groups were combined based
on similarities in the included occupations. 
Educational level was classified into 3 categories: completion of compul-
sory school or less (≤ 9 yrs), completion of high school or some high school
(10–12 yrs), and more than high school (> 12 yrs). Educational level was
chosen as a marker for SES, because education could be regarded as a sta-
ble measure of SES. 
Geographical region was divided into (1) large cities (cities with a popula-
tion > 200,000, i.e., Stockholm, Gothenburg, and Malmö); (2) Southern
Sweden; and (3) Northern Sweden. Large cities were defined in a separate
category because it is likely that individuals living in large cities have bet-
ter access to healthcare. In addition, they are more exposed to air pollution.
Sweden is divided into 25 counties. Geographical region was included as
an individual variable to adjust for possible differences between geograph-
ical regions in Sweden regarding hospital admissions for SLE.
Immigrant status was classified into 2 categories: individuals born in
Sweden and individuals born outside Sweden.
Comorbidity was defined as hospitalization for a primary or secondary
diagnosis of the following: (1) chronic obstructive pulmonary disease
(COPD) 490–493 (ICD-8), 490–496 (ICD-9), and J40–J49 (ICD-10); (2)
alcoholism and alcohol-related disease, 291, 303, and 571 (ICD-8), 291 and
303 (ICD-9), and F10 and K70 (ICD-10). These comorbidities were includ-
ed to adjust for possible increased risks for SLE associated with smoking
and alcohol. 

Statistical analysis. Person-years were calculated from the start of followup
until first hospitalization for SLE, death, emigration, or closing date

(December 31, 2008). Age-specific incidence rates (defined as first hospi-
talization during the study period) were calculated for the whole followup
period, divided into five 5-year periods. Standardized incidence ratios
(SIR) were calculated for different educational and occupational groups as
the ratio of observed to expected number of cases13, using the entire cohort
as reference with the assumption that various SES and occupational groups
should experience the same incidence as all workers in the entire cohort.
The expected number of cases was calculated for age (5-year groups), sex,
period (5-year groups), region, SES (education), immigrant status, and
comorbidity-specific SIR. Ninety-five percent CI were calculated assuming
a Poisson distribution13. 

Ethical considerations. The Ethics Committee at Lund University, Sweden,
approved our study.

RESULTS

Table 1 shows the number of cases and SIR for hospitaliza-
tion for SLE by educational level, region, age at diagnosis,
immigrant status, and comorbidities among men and women
followed 1970–2008. All SIR are also adjusted for time peri-
od. A total of 8921 men and 42,290 women over 15 years of
age were hospitalized for SLE during the followup periods.
Among those patients, 21% male and 15% female patients
were diagnosed between 1970 and 1979, and 25% male and
28% female patients were diagnosed between 2000 to 2008
(data not shown). Age-adjusted hospitalization rates were
5.0 per 100,000 person-years for men and 26.6 per 100,000
person-years for women. The overall female-to-male ratio
was 5.3:1. However, the female-to-male ratio varied by age
interval (Figure 1). At ages 35 to 39 years, the rates were 4.0
per 100,000 person-years for men and 35.8 per 100,000 per-
son-years for women (Figure 1), with a corresponding
female-to-male ratio of 8.95. During the followup period,
hospitalization rates increased from 15.4 per 100,000 per-
son-years in the 1970s to 30.3 per 100,000 person-years in
the 1990s in women. In men, however, hospitalization rates
were 4.4 per 100,000 person-years in the 1970s and 5.5 per
100,000 person-years in the 1990s (Figure 2). Thus, the
female-to-male ratio increased from 3.5:1 in the 1970s to
5.5:1 in the 1990s. 

Socioeconomic factors and hospitalized SLE. Lower risks
for SLE were observed for both men and women who had
attended college, i.e., > 12 years education (Table 1).
Women living in big cities had a significantly increased risk
of SLE. Significantly increased SIR of hospitalization for
SLE were observed for men aged 60 to 79 years and women
aged 30 to 79 years. Significantly increased SIR for hospi-
talization of SLE were also observed for both men and
women hospitalized for COPD and alcoholism. Decreased
SIR were observed for men > 50 years of age, men born out-
side Sweden, and women > 80 years of age. 

Occupation and hospitalized SLE among men. SIR for hos-
pitalization for SLE for men by occupation in the 2 cohorts
(census 1970 and census 1970/1980, i.e., men who retained
the same occupational title in 2 consecutive censuses) is
shown in Table 2. Only occupations with > 10 cases for
either cohort were included. All SIR were adjusted for age,
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Table 1. Standardized incidence ratios (SIR) for hospitalization of systemic lupus erythematosus by different educational levels, region, age, immigrant status, and comor-
bidities in men and women.

Men (1970–2008) Women (1970–2008)
Individual Characteristics Population Obs SIR 95% CI Population Obs SIR 95% CI

Education, yrs
≤ 9 6295606 6977 1.02 1.00 1.04 6305637 34188 1.02 1.01 1.03

10–12 442665 1168 1.18 1.11 1.25 501024 5857 1.02 1.00 1.05

> 12 480123 776 0.72 0.67 0.77 271554 2245 0.73 0.70 0.76

Region
Big cities 1433715 2729 1.02 0.98 1.05 1498427 14315 1.09 1.07 1.11

Northern Sweden 1879487 3592 1.01 0.98 1.05 1865325 15886 0.99 0.97 1.00
Southern Sweden 3905192 2600 0.97 0.93 1.00 3714463 12089 0.92 0.91 0.94

Age at diagnosis, yrs
15–29 1404 1.00 0.95 1.05 7053 0.99 0.96 1.01
30–39 987 0.85 0.79 0.90 7390 1.19 1.16 1.22

40–49 1144 0.82 0.78 0.87 7681 1.21 1.18 1.24

50–59 1410 0.94 0.89 0.99 7359 1.23 1.20 1.25

60–69 2195 1.64 1.58 1.72 6720 1.27 1.24 1.30

70–79 1395 1.49 1.41 1.57 4679 1.09 1.06 1.12

≥ 80 386 0.94 0.85 1.04 1408 0.50 0.48 0.53

Immigrant status
Born in Sweden 6218063 8208 1.02 0.99 1.04 6087082 37330 1.00 0.99 1.01
Born outside Sweden 1000331 713 0.85 0.79 0.91 991133 4960 1.02 0.99 1.05

Hospitalization for chronic obstructive pulmonary disease
Yes 232525 797 1.81 1.69 1.94 203331 4109 2.48 2.40 2.55

No 6985869 8124 0.96 0.94 0.98 6874884 38181 0.94 0.93 0.95

Hospitalization for alcoholism and alcohol-related disease
Yes 212318 526 1.46 1.34 1.59 78104 1313 1.84 1.74 1.94

No 7006076 8395 0.98 0.96 1.00 7000111 40977 0.99 0.98 1.00
All 7218394 8921 Ref 7078215 42290 Ref

Obs: observed; CI: confidence interval; Ref: reference values. For values in bold type 95% CI does not include 1.00.

Figure 1. Age-specific incidence rate of systemic lupus erythematosus in men and women in followup 1970 to
2008.
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period, region, educational level, immigrant status, and
comorbidities. Among men, significantly increased SIR that
were present in both cohorts were observed in shop man-
agers and assistants; miners and quarry workers; shoe and
leather workers; plumbers; electrical workers; wood work-
ers; other construction workers; glass, ceramic and tile
workers; chimney sweeps; and military personnel.
Especially high SIR were observed for certain workers who
kept the same job title in 2 consecutive censuses, i.e., shop
managers and assistants (3.63), miners and quarry workers
(6.04), shoe and leather workers (6.93), glass, ceramic, and
tile workers (4.43), chimney sweeps (4.54), and military
personnel (3.01).

Occupation and hospitalized SLE among women. Table 3
shows SIR for hospitalization for SLE among women by
occupation in the 2 cohorts (census 1970 and census
1970/1980, i.e., women who retained the same occupation-
al title in 2 consecutive censuses). Only occupations with
more than 10 cases for either cohort were included. Among
women, public safety and protection workers had a particu-
larly increased SIR (2.59) that was present in the 1970 cen-
sus (followed 1970 to 2008).

We performed an additional analysis with separate fol-
lowup analyses for cohort 1 (1970 census): followup
1970–1979, 1980–1999, and 2000–2008. Results are shown
in Tables 4 and 5. For certain occupations, the risks
increased when the followup period increased. Among men,
particularly high SIR that were present in later followup
periods were observed in artistic workers (3.32), miners and
quarry workers (10.22), postal and communication workers
(2.17), plumbers (3.99), painters and wallpaper hangers

(2.47), other construction workers (2.70), and chimney
sweeps (9.84). Among women, particularly high SIR were
observed for journalists (3.50) and public safety and protec-
tion workers (4.31) in later followup periods.

DISCUSSION

The main finding of our study is that education level and
occupation sometimes carry a significantly increased risk of
hospitalization for SLE. For example, decreased SIR for
SLE were observed for both men and women who had an
educational level > 12 years. Among men, significantly
increased SIR were present in both cohorts among shop
managers and assistants; miners and quarry workers; shoe
and leather workers; plumbers; electrical workers; wood
workers; other construction workers; glass, ceramic, and tile
workers; chimney sweeps; and military personnel. Among
women, only religious, juridical, and other social-science-
related workers had an increased SIR in both cohorts. No
increased risks were found for most occupational groups
among women. Thus, more occupations among men than
women were associated with increased risk for SLE. To the
best of our knowledge, this is the first study to investigate
the association between education and occupations and the
risk of hospitalization for SLE in an entire population aged
over 15 years. 

The highest hospitalization rates of SLE occurred in the
50–60-year age category for women and in the 60–70-year
age category for men and with an overall female-to-male
ratio 5.3:1. Our results are consistent with a UK study with
a similar age pattern and overall female-to-male ratio14. Two
studies have previously estimated the incidence rate of SLE
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Figure 2. Age-adjusted incidence rate of systemic lupus erythematosus in men and
women in followup 1970 to 2008.
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in Sweden15,16. Jonsson, et al determined the age-specific
incidence of SLE in a defined population in southern
Sweden in multiple sources of retrieval during
1981–198616. The female incidence rate was
5.4/100,000/year and the male incidence rate was
1/100,000/year. Thus, the female-to-male ratio was 5.4:1,
which is similar to our present study. Ståhl-Hallengren, et al

studied the incidence of SLE in the same area but for the
years 1987–199115. The median annual incidence was
4.8/100,000/year. The age and sex-specific incidence rates
between 1987–1991 were notably highest in ages 65–74

(14.1/100,000/year) in women and ages 65–74
(3.2/100,000/year) in men. The point prevalence on
December 31, 1986, was 42/100,000 and on December 31,
1991, 68/100,000. In our present study the hospitalization
rate was somewhat higher than the estimated incidence in
the 2 previous Swedish studies. This may be because hospi-
talizations reflect not only incident cases of SLE but also
prevalent cases with relapse that need hospital admission. In
addition, our study involved a later time period and a larger
population sample.

Education level was chosen as an individual variable in
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Table 2. Standardized incidence ratios (SIR) for hospitalization for systemic lupus erythematosus in men by occupation from census 1970 and in men who kept the same
job title in 2 consecutive censuses (followup).

Census 1970 (1970–2008) Census 1970 to Census 1980 (1980–2008)
Occupation Population Obs SIR 95% CI Population Obs SIR 95% CI

Technical, chemical, physical, 
biological workers 228736 439 0.78 0.70 0.85 123424 206 0.79 0.69 0.91

Assistant nurses 3142 18 2.68 1.59 4.25 488 —
Teachers 56752 143 1.00 0.84 1.18 36575 18 0.22 0.13 0.36

Religious, juridical, other
social-science-related workers 43096 37 0.36 0.35 0.49 20138 —

Artistic workers 14157 42 1.30 0.94 1.76 6549 31 2.52 1.71 3.58

Administrators and managers 67627 140 0.82 0.69 0.97 24568 15 0.29 0.16 0.48
Clerical workers 98856 263 1.13 0.99 1.27 30280 86 1.41 1.13 1.75

Sales agents 115249 158 0.57 0.48 0.66 48435 37 0.37 0.26 0.51

Shop managers and assistants 46349 179 1.64 1.41 1.90 13244 98 3.63 2.95 4.42

Farmers 143430 265 0.77 0.68 0.86 70457 87 0.60 0.48 0.74

Gardeners and related workers 31946 81 1.05 0.83 1.30 9832 —
Forestry workers 40946 83 0.88 0.70 1.09 13007 33 1.19 0.82 1.67
Miners and quarry workers 12561 160 5.73 4.88 6.70 3221 38 6.04 4.27 8.30

Transport workers 24178 18 0.31 0.18 0.49 5868 —
Drivers 124859 203 0.67 0.58 0.77 54611 81 0.71 0.56 0.88

Postal and communication workers 28237 60 0.92 0.70 1.18 11907 30 1.25 0.84 1.79
Textile workers 20636 31 0.67 0.45 0.95 5780 13 1.17 0.62 2.00
Shoe and leather workers 4514 25 2.43 1.57 3.60 1133 15 6.93 3.87 11.46

Smelter and metal foundry workers 38703 53 0.63 0.47 0.83 9662 17 0.92 0.54 1.48
Mechanics and iron and metalware workers 235447 583 1.12 1.03 1.21 91676 151 0.87 0.73 1.02
Plumbers 23969 104 1.76 1.44 2.13 10693 48 2.21 1.63 2.93

Welders 34270 66 0.89 0.69 1.13 11113 —
Electrical workers 83798 297 1.56 1.39 1.74 41223 128 1.57 1.31 1.86

Wood workers 130100 341 1.13 1.01 1.26 49589 123 1.25 1.04 1.49

Painters and wallpaper hangers 37199 102 1.18 0.96 1.43 16399 16 0.49 0.28 0.80

Other construction workers 66185 284 1.78 1.58 2.00 18929 82 2.08 1.65 2.58

Bricklayers 14003 24 0.71 0.45 1.05 5437 —
Printers and related workers 24872 23 0.40 0.25 0.60 12577 —
Chemical process workers 26454 27 0.46 0.30 0.67 6300 —
Food manufacture workers 29178 84 1.25 1.00 1.55 9669 15 0.78 0.44 1.29
Glass, ceramic, tile workers 42616 174 1.87 1.60 2.17 9078 77 4.43 3.50 5.54

Packers, loaders, warehouse workers 105124 326 1.35 1.21 1.51 19361 29 0.74 0.50 1.07
Engine and motor operator workers 61640 152 1.06 0.90 1.24 18225 36 0.96 0.67 1.33
Public safety and protection workers 31294 52 0.67 0.50 0.88 18118 33 0.85 0.59 1.20
Building caretakers and cleaners 29557 64 0.92 0.71 1.17 7447 13 0.85 0.45 1.46
Chimney sweeps 2272 12 2.37 1.22 4.16 1235 11 4.54 2.25 8.14

Hairdressers 5710 14 1.05 0.57 1.77 2848 —
Launderers and dry cleaners 12713 25 0.87 0.56 1.28 4066 —
Military personnel 16792 69 1.69 1.32 2.14 9928 62 3.01 2.31 3.86

Others and unemployed 5006712 3665 0.99 0.95 1.02 6340536 5467 1.02 0.99 1.05
All 7218394 8921 Ref 7218394 7143 Ref

Obs: observed; CI: confidence interval; Ref: reference values. For values in bold type 95% CI does not include 1.00.
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our study because education can be regarded as a stable
measure of SES. Education level may influence the risk of
disease in many ways and is an important attribute in the
selection of an occupation. It is common for people with
certain occupations, such as teacher, administrator, and
manager, to have a higher level of education. This, in turn,
is a predictive factor for disposable income and many
socioeconomic aspects of life, including residential and
lifestyle factors. In the present study, we found an increased
risk of hospitalization for SLE in individuals with a lower
level of education, which is consistent with findings from
earlier studies17. Low SES may influence the risk of SLE

through factors such as infections, psychosocial stressors,
occupational exposures, and poor nutrition, which are also
more common for other autoimmune diseases4,18,19,20.

Occupational factors have been indicated to be involved
in the etiology of SLE. The association between occupation
and proximity to specific agents was assessed according to
occupational exposures4,5,7,21,22. The risk of hospitalization
for SLE was consistent with these studies. For men, this
applied to the following occupations: miners and quarry
workers; construction workers; and glass, ceramic, and tile
workers. Increased risks for these occupations are consistent
in different cohorts, and the risks were even higher in the
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Table 3. Standardized incidence ratios (SIR) for hospitalization of systemic lupus erythematosus in women by occupation from census 1970 and in women
who kept the same job title in 2 consecutive censuses (followup).

Census 1970 (1970–2008) Census 1970 to Census 1980 (1980–2008)
Occupation Population Obs SIR 95% CI Population Obs SIR 95% CI

Technical, chemical, physical,
biological workers 19784 164 0.71 0.60 0.82 9512 107 1.12 0.92 1.36

Nurses 42615 324 0.67 0.60 0.75 27137 141 0.53 0.44 0.62

Assistant nurses 100451 1047 0.94 0.88 0.99 47346 353 0.77 0.69 0.85

Other health and medical workers 27376 343 1.09 0.98 1.21 13395 172 1.32 1.13 1.53

Teachers 78235 568 0.64 0.59 0.70 55204 321 0.59 0.53 0.66

Religious, juridical, other
social-science-related workers 25686 447 1.60 1.45 1.75 11797 150 1.34 1.14 1.58

Artistic workers 6333 24 0.35 0.22 0.52 2697 —
Journalists 2801 30 0.92 0.62 1.32 1402 —
Administrators and managers 12284 219 1.67 1.45 1.90 3298 20 0.67 0.41 1.04
Clerical workers 293842 3595 1.06 1.02 1.09 162094 1661 1.04 0.99 1.09
Sales agents 24021 262 1.07 0.94 1.21 5217 36 0.79 0.56 1.10
Shop managers and assistants 141290 1047 0.69 0.65 0.73 50000 267 0.57 0.51 0.65

Farmers 43320 289 0.74 0.66 0.83 17506 79 0.53 0.42 0.66

Gardeners and related workers 13966 115 0.87 0.72 1.04 1422 13 1.06 0.56 1.82
Transport workers 840 15 1.59 0.89 2.64 182 —
Drivers 7879 128 1.46 1.22 1.74 2142 27 1.31 0.86 1.91
Postal and communication workers 39208 568 1.27 1.17 1.38 17148 189 1.13 0.98 1.31
Textile workers 52220 311 0.64 0.57 0.71 13349 75 0.68 0.53 0.85

Shoe and leather workers 3621 13 0.36 0.19 0.61 704 —
Smelter and metal foundry workers 2167 13 0.67 0.36 1.15 478 —
Mechanics and iron and metalware workers 22891 202 0.92 0.79 1.05 5364 43 0.95 0.69 1.28
Electrical workers 12725 163 1.30 1.11 1.52 3362 32 1.09 0.74 1.54
Wood workers 4163 23 0.56 0.35 0.84 973 —
Printers and related workers 7789 104 1.22 0.99 1.48 2473 19 0.83 0.50 1.29
Chemical process workers 5495 11 0.21 0.10 0.38 1120 —
Food manufacture workers 14506 121 0.84 0.69 1.00 2693 14 0.61 0.33 1.02
Glass, ceramic, tile workers 17291 144 0.85 0.72 1.00 3634 18 0.58 0.34 0.91

Packers, loaders, warehouse workers 26515 253 0.94 0.83 1.07 4350 25 0.67 0.43 0.99

Engine and motor operator workers 2310 40 1.71 1.22 2.33 668 —
Public safety and protection workers 1708 51 2.59 1.93 3.41 512 —
Cooks and stewards 50599 266 0.54 0.48 0.61 13015 57 0.50 0.38 0.64

Home helpers 96447 849 0.87 0.81 0.93 23048 131 0.62 0.52 0.74

Waiters 30282 362 1.18 1.06 1.30 6710 26 0.45 0.29 0.66

Building caretakers and cleaners 90920 850 0.98 0.91 1.05 26395 120 0.53 0.44 0.63

Hairdressers 18555 171 0.80 0.68 0.93 8455 57 0.69 0.52 0.89

Launderers and dry cleaners 18641 198 1.08 0.93 1.24 3480 14 0.46 0.25 0.77

Others and unemployed 5711570 28936 1.04 1.03 1.06 6526319 32103 1.03 1.02 1.04

All 7078215 42290 Ref 7078215 36294 Ref

Obs: observed; CI: confidence interval; Ref: reference values. For values in bold type: CI does not include 1.00.
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1970/1980 cohort, i.e., those who kept the same job title in
2 consecutive censuses. The main exposures in these groups
are assumed to be silica, vibrations, engine oils, metal, and
exhaust fumes as well as asbestos exposure among the con-
struction workers. 

There is strong epidemiological evidence that supports
an association between occupational crystalline silica expo-
sure and several diseases such as lung cancer23,24, COPD24,
renal disease25, rheumatoid arthritis (RA)22,24, SLE22,24, and
other autoimmune disorders22. Silica dust exposure occurs
in a wide variety of industries and occupations, including

miners and quarry workers, glass manufacture, ceramics,
and various occupations in construction and manufactur-
ing22,24,26. In accordance with these studies, our study
showed that the risk of SLE was increased among men with
similar occupational exposures. 

For women, fewer silica-related occupations were asso-
ciated with increased risks of SLE, maybe because women
may work in jobs with shorter or less intense silica expo-
sure, and women are less likely than men to work in the
dusty trades.

Chemical exposures occur frequently in these occupa-
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Table 4. Standardized incidence ratios (SIR) for hospitalization of systemic lupus erythematosus in men by occupation from census 1970.

Followup 1970–1979 Followup 1980–1999 Followup 2000–2008
Occupation Obs SIR 95% CI Obs SIR 95% CI Obs SIR 95% CI

Technical, chemical, physical, 
biological workers 126 1.11 0.93 1.32 236 0.70 0.61 0.79 77 0.67 0.53 0.84

Assistant nurses — 18 4.94 2.92 7.82 —
Teachers 24 0.91 0.58 1.36 93 1.07 0.86 1.31 26 0.87 0.57 1.28
Religious, juridical, 

other social-science-related workers 10 0.44 0.21 0.81 19 0.31 0.19 0.49 8 0.39 0.16 0.76

Artistic workers 10 1.29 0.62 2.39 10 0.56 0.27 1.03 22 3.32 2.08 5.03

Administration and managers 19 0.45 0.27 0.71 79 0.76 0.60 0.95 42 1.67 1.21 2.27

Clerical workers 49 0.87 0.65 1.16 180 1.34 1.15 1.55 34 0.79 0.55 1.11
Sales agents 40 0.62 0.44 0.84 105 0.63 0.52 0.77 13 0.27 0.14 0.46

Shop managers and assistants 42 1.83 1.32 2.47 102 1.61 1.31 1.95 35 1.53 1.06 2.13

Farmers 51 0.51 0.38 0.67 178 0.86 0.73 0.99 36 0.95 0.66 1.31
Gardeners and related workers 48 2.35 1.73 3.12 32 0.69 0.47 0.98 —
Forestry workers 11 0.49 0.24 0.88 69 1.16 0.91 1.47 —
Miners and quarry workers 10 1.52 0.73 2.81 106 6.22 5.09 7.52 44 10.22 7.42 13.73

Transport workers — 10 0.28 0.13 0.51 —
Drivers 42 0.67 0.48 0.90 123 0.68 0.57 0.81 38 0.65 0.46 0.89

Postal and communication workers — 28 0.76 0.51 1.11 25 2.17 1.40 3.21

Textile workers 10 0.74 0.35 1.37 20 0.75 0.46 1.17 —
Shoe and leather workers — 16 2.74 1.56 4.45 —
Smelter and metal foundry workers 17 0.75 0.43 1.20 33 0.67 0.46 0.94 —
Mechanics and iron and metalware workers 135 1.15 0.96 1.36 294 0.98 0.87 1.10 154 1.48 1.26 1.74
Plumbers 18 1.29 0.76 2.05 41 1.21 0.87 1.64 45 3.99 2.91 5.34

Welders 14 0.94 0.51 1.58 41 0.95 0.68 1.28 11 0.68 0.34 1.22
Electrical workers 62 1.70 1.31 2.19 184 1.65 1.42 1.91 51 1.18 0.88 1.55
Wood workers 23 0.30 0.19 0.45 248 1.40 1.23 1.59 70 1.48 1.16 1.88

Painters and wallpaper hangers 26 1.19 0.78 1.75 38 0.77 0.55 1.06 38 2.47 1.75 3.40

Other construction workers 57 1.41 1.07 1.82 157 1.69 1.43 1.97 70 2.70 2.11 3.42

Bricklayers — 11 0.56 0.28 1.00 —
Printers and related workers — 11 0.35 0.17 0.62 —
Chemical process workers 11 0.69 0.34 1.23 14 0.41 0.22 0.68 —
Food manufacture workers 18 1.04 0.62 1.65 54 1.40 1.05 1.82 12 1.07 0.55 1.87
Glass, ceramic, tile workers 16 0.66 0.38 1.07 139 2.63 2.21 3.10 19 1.20 0.72 1.88
Packers, loaders, warehouse workers 77 1.11 0.87 1.39 209 1.53 1.33 1.76 40 1.14 0.81 1.55
Engine and motor operator workers 13 0.42 0.23 0.73 119 1.41 1.17 1.69 20 0.71 0.43 1.09
Public safety and protection workers — 34 0.74 0.51 1.04 —
Building caretakers and cleaners 34 1.43 0.99 2.00 27 0.69 0.45 1.00 —
Chimney sweeps — — 11 9.84 4.88 17.67

Hairdressers — 11 1.44 0.72 2.59 —
Launderers and dry cleaners — 18 1.11 0.65 1.75 —
Military personnel — 67 2.69 2.08 3.42 —
Others and unemployed 755 1.24 1.15 1.33 1664 0.92 0.88 0.97 1246 0.95 0.90 1.01
All 1840 Ref 4852 Ref 2229 Ref

Obs: observed; CI: confidence interval; Ref: reference values. For values in bold type 95% CI does not include 1.00.
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tions, for example, solvents and chemical cleaning agents.
Earlier epidemiological studies have reported that solvent
exposure increased the risks for SLE4,5,7. In our popula-
tion-based database, however, information on detailed job
assignments and potential environmental exposures inside
or outside the workplace was not available. We had no infor-
mation about specific chemicals, so it is difficult to identify
which kind of chemical agent had a causative association. 

Our study has a number of strengths, for example, the
study population included a well-defined open cohort of the
entire population of Sweden. Thanks to the civic registration
number assigned to each individual in Sweden (changed to
a serial number to ensure anonymity), it was possible to
track the records of every person for the whole followup
period. Data about occupational status were almost 100%
(99.2%) complete. Additionally, the data in the Swedish
Hospital Discharge Register are also highly complete. In

2001, the main diagnosis was missing in 0.9% and the
national registration number in 0.4% of hospitalizations9. 

Our study also has some limitations. For example, we
had no data on several individual risk factors for SLE. In a
register that includes an entire population, it is not feasible
to include individual data on, e.g., smoking. However, the
possible confounding effect of smoking and alcohol drink-
ing was partly taken into account by including the variables
COPD (as a surrogate of smoking) and alcoholism/alcohol-
related diseases. As we only analyzed hospitalizations, some
SLE cases may have been diagnosed before the first hospi-
talization for SLE in, e.g., an outpatient setting, which is a
potential weakness of the study. Further, there were broad
changes in the Swedish labor market during the study peri-
od27,28. Lack of information on the duration of employment
was partly remedied by the analysis of individuals who
maintained the same occupation in 2 consecutive censuses.
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Table 5. Standardized incidence ratios (SIR) for hospitalization of systemic lupus erythematosus in women by occupation from census 1970.

Followup 1970–1979 Followup 1980–1999 Followup 2000–2008
Occupation Obs SIR 95% CI Obs SIR 95% CI Obs SIR 95% CI

Technical, chemical, physical, 
biological workers 28 0.72 0.48 1.04 92 0.67 0.54 0.83 44 0.78 0.57 1.05

Nurses 60 0.72 0.55 0.92 191 0.66 0.57 0.76 73 0.68 0.54 0.86

Assistant nurses 146 0.77 0.65 0.90 653 0.95 0.88 1.03 248 1.03 0.90 1.16
Other health and medical workers 35 0.68 0.47 0.94 200 1.07 0.92 1.23 108 1.42 1.16 1.71

Teachers 95 0.62 0.50 0.75 366 0.69 0.62 0.76 107 0.54 0.44 0.65

Religious, juridical, 
other social-science-related workers 60 1.11 0.85 1.43 284 1.69 1.50 1.90 103 1.78 1.45 2.15

Artistic workers — 21 0.52 0.32 0.79 —
Journalists — — 24 3.50 2.24 5.22

Administrators and managers 69 2.46 1.91 3.11 125 1.56 1.30 1.86 25 1.09 0.70 1.61
Clerical workers 599 0.98 0.91 1.07 2056 1.01 0.96 1.05 940 1.25 1.17 1.33

Sales agents 101 1.95 1.59 2.37 137 0.91 0.76 1.08 24 0.56 0.36 0.83

Shop managers and assistants 176 0.60 0.51 0.70 677 0.72 0.66 0.77 194 0.69 0.60 0.80

Farmers 38 0.45 0.32 0.62 230 0.92 0.80 1.04 21 0.37 0.23 0.57

Gardeners and related workers 49 1.86 1.37 2.46 50 0.59 0.44 0.78 16 0.76 0.43 1.23
Drivers 38 2.26 1.60 3.11 56 1.05 0.79 1.36 34 1.95 1.35 2.72

Postal and communication workers 108 1.32 1.08 1.60 355 1.30 1.17 1.44 105 1.15 0.94 1.39
Textile workers 42 0.43 0.31 0.58 192 0.63 0.54 0.72 77 0.90 0.71 1.12
Mechanics and iron and metalware workers 45 1.16 0.85 1.56 112 0.82 0.68 0.99 45 0.98 0.72 1.32
Electrical workers 10 0.47 0.22 0.87 118 1.54 1.27 1.84 35 1.30 0.91 1.81
Wood workers 16 2.21 1.26 3.59 — —
Printers and related workers 10 0.60 0.28 1.10 79 1.52 1.20 1.90 15 0.90 0.50 1.48
Food manufacture workers 10 0.35 0.17 0.65 64 0.72 0.55 0.92 47 1.77 1.30 2.35

Glass, ceramic, tile workers 33 1.04 0.72 1.46 84 0.80 0.64 1.00 27 0.81 0.54 1.19
Packers, loaders, warehouse workers 33 0.62 0.43 0.87 201 1.21 1.05 1.40 19 0.38 0.23 0.59

Engine and motor operator workers — 28 1.90 1.26 2.76 —
Public safety and protection workers 9 2.33 1.06 4.45 26 2.15 1.40 3.15 16 4.31 2.46 7.01

Cooks and stewards 69 0.67 0.52 0.85 158 0.51 0.43 0.59 39 0.49 0.35 0.67

Home helpers 92 0.49 0.39 0.60 596 0.98 0.90 1.06 161 0.88 0.75 1.03
Waiters 47 0.73 0.53 0.97 251 1.29 1.13 1.46 64 1.34 1.03 1.71

Building caretakers and cleaners 128 0.68 0.57 0.81 576 1.05 0.97 1.14 146 1.08 0.91 1.26
Hairdressers 43 1.24 0.90 1.67 83 0.65 0.51 0.80 45 0.88 0.64 1.18
Launderers and dry cleaners 24 0.62 0.40 0.93 144 1.26 1.06 1.48 30 0.97 0.66 1.39
Others and unemployed 3865 1.15 1.11 1.18 15925 1.05 1.03 1.06 9146 1.01 0.99 1.03
All 6104 Ref 24183 Ref 12   003 Ref

Obs: observed; CI: confidence interval; Ref: reference values. For values in bold type 95% CI does not include 1.00.
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The quality of data on occupational titles in the Swedish
censuses has been assessed by Warnryd and coworkers29.
The results showed that the proportion of concordant occu-
pational titles was 72%, suggesting a reasonable quality for
the census data. The large number of comparisons is anoth-
er limitation and is a technical point worthy of considera-
tion. Some associations might undoubtedly have been due to
chance, and consistency within this study and between stud-
ies, as well as biological plausibility, should be assessed for
causal inference. However, according to Rothman, adjusting
for multiple comparison is not advisable29: “A policy of not
making adjustments for multiple comparisons is preferable
because it will lead to fewer errors of interpretation when
the data under evaluation are not random numbers but actu-
al observations on nature. Further, scientists should not be
so reluctant to explore leads that may turn out to be wrong
that they penalize themselves by missing possibly important
findings.” In addition, early symptoms of disease before
actual onset may influence a person’s choice of profession,
which may in turn influence the results.

Another limitation is that SLE was not validated specifi-
cally in the hospital discharge register. However, an external
review and validation of the Swedish national inpatient regis-
ter (IPR) has been published29. A total of 132 papers were
reviewed. The positive predictive value (PPV) differed
between diagnoses in the IPR, but was generally 85–95%.
The PPV for RA varied between 87.9 and 95.9% and the PPV
for granulomatosis with polyangiitis (Wegener’s) was 87%.

Our study suggests that education and occupation some-
times carry significantly increased risks of hospitalization for
SLE. Occupational risk factors for SLE appear to be more
common among men than women. Occupational groups with
possible exposure to silica, vibrations, organic solvents, and
other chemicals may entail a “true” risk for SLE. 
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