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Sarcoidosis is a systemic granulomatous disease of unknown orign. Differences in prevalence, 

phenotype and severity depending on geographical location and populations have been 

reported, indicating an influence of genetic and environmental factors (1-2). Acute sarcoidosis 

is defined by a rapid onset of symptoms including bihilar lymphadenopathy, ankle swelling 

and/or erythema nodosum and has an overall favourable prognosis (3). 

Current concepts of pathogenesis involve an aberrant immune response in genetically 

susceptible individuals to unknown antigens, stimulating macrophages and dendritic cells with 

subsequent activation of primarily CD4+ Th1 cells and granulomatous inflammation (reviewed 

by Grunewald et al (4)). Seasonal clustering of sarcoidosis in late winter and spring months has 

been described (5–11). The further north and the colder the climate, the earlier the incidence 

of sarcoidosis peaks in the year (12, 13). Risk factors for sarcoidosis include exposure to 

airborne particles through, for instance, metalworking (14, 15), employment in transportation 

services (16) and exposure to vegetable dust or wood-burning (17). Increased sarcoidosis 

frequencies among firefighters (18), as well as the high sarcoidosis incidence in individuals 

exposed to the World Trade Center collapse (19–21), further point towards the pathogenetic 

involvement of particulate matter. 

The key manifestations of lung and skin, certain risk populations and seasonal clustering 

suggest an importance of seasonal airborne antigens for acute sarcoidosis. We hypothesized 

that air pollution plays a role in acute sarcoidosis and its seasonal clustering and north-south 

gradients.

For this retrospective chart review we searched records of the University Medical Center 

Freiburg for all patients in the region Baden-Wuerttemberg, Germany diagnosed with acute 
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sarcoidosis as defined by bihilar lymphadenopathy combined with ankle swelling and/or 

erythema nodosum plus a corresponding physician's diagnosis. Disease onset was set as the 

date of first symptoms (month/year). The study was approved by the local ethics committee of 

the University of Freiburg (approval number: 11/19). Measured particulate matter (PM10) and 

nitrogen dioxide (NO2) concentrations data were provided by the State Institute for the 

Environment, Measurements and Nature Conservation Baden-Wuerttemberg (LUBW). Monthly 

medians of the air pollutant time series were calculated from hourly NO2 concentrations 

measured at 27 stations and from daily PM10 concentrations available at 38 stations located in 

Southwest Germany. Air temperature data for the same area was sourced from the climate 

data centre of the German Meteorological Service 

(ftp://opendata.dwd.de/climate_environment/CDC/). 

The seasonal components in the air pollutant, air temperature and sarcoidosis time 

series were extracted by applying singular spectrum analysis (SSA). The SSA enables the 

decomposition of time series into a slowly varying, non-linear trend, oscillatory components 

and noise (22). It combines the phase-space reconstruction technique of a time series and the 

singular value decomposition (23). We chose an embedding dimension of twelve months to 

separate the oscillatory, seasonal component from non-linear trends and noise. Based on the 

seasonal SSA component, we calculated the mean annual variation of air temperature, PM10 

and NO2 concentrations and the occurrence of sarcoidosis. To measure similarity, we calculated 

lagged cross-correlation functions up to 24 lags. The decomposition of the time series was 

based on SSA routines implemented in Matlab® software (The MathWorks, Natick, 
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Massachusetts, United States) by Eric Breitenberger; the routines were downloaded from 

http://www.atmos.ucla.edu/tcd/ssa/matlab. 

Over a period of 25 years (1994-2018) we found 185 patients diagnosed with acute 

sarcoidosis; 136 (73.5%) displayed complete Löfgren triad, see table 1 for a detailed  description 

of the study cohort. The onset of disease showed a pattern of seasonality: symptoms started 

predominantly in the first half of the year (73.5% of cases), and peaked in January,. A 

particularly high incidence was observed in the first third of the year (January 17.8%, February 

11.3%, March 12.4%, April 13.0%, 54.5% in total), as shown in figure 1. Monthly median PM10 

values were highest from December to April with values ranging between 15 and 40 µg/m3. 

Monthly median NO2 levels were measured highest from November to March (45 µg/m3) and 

lowest between April and August (25 µg/m3), as shown in figure 2a. Monthly sarcoidosis 

incidence correlated with the course of PM10 and NO2 with cross-correlation coefficients 

ranging between 0.7 and 0.9 (see figure 2c). Time series analysis over 17 years (2000-2016) 

showed that the maximum number of acute sarcoidosis cases is reached shortly after the peak 

of particulate matter (median time shift between the maxima within each year was 4 weeks, 

range -8 to 20 weeks, figure 2a) and the minimum of air temperature (cross-correlation 

coefficients 0.4-0.9, median time shift 12 weeks, range 0 to 44 weeks, figure 2b). 

This is the first demonstration of associations between the seasonal dynamics of air 

temperature, air pollution, and the incidence of acute sarcoidosis. The relevance of air pollution 

in the pathogenesis of sarcoidosis is indicated by risk populations (e.g., firefighters (18), 

exposure to vegetable dust, wood-burning etc. (14)), the observation of regional sarcoidosis 

clusters in areas with intense metal industry, agriculture (15) or heavy traffic (24), the World 
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Trade Center studies (19) and by case reports describing sarcoidosis following intensive dust 

exposure (25). Furthermore, sarcoidosis patients reported increased severity of respiratory 

symptoms after short term air pollution exposure (26). In clinical practice, we also consulted 

patients who developed acute sarcoidosis days after cleaning their pellets storage, after 

demolition work close to their homes or clearing out their attic without dust masks. Air 

pollution has been described as a risk factor for disease with negative impacts on health already 

at low concentration (27). Particulate matter has been linked directly to the development of 

respiratory diseases and malignancies (28) and plays a potential role in autoimmune disorders 

(29). 

We found an acute sarcoidosis onset pattern which is comparable to those of northern 

European countries, whereas the incidence peaks later in the year in Mediterranean countries. 

Hence, in colder regions, sarcoidosis incidence might peak earlier, for example, due to an earlier 

start of the heating period. Residential furnaces represent a major source of particulate matter 

and their emissions may affect human health (30). In line with these observations, in our study, 

low air temperature was associated with increased sarcoidosis incidence. 

This study is limited by the single-center retrospective approach, covering one federal state 

in Germany. Although during the relatively long study period of 25 years, exposures and health 

care coverage may have changed, we did not observe a significant variation in the seasonality 

of sarcoidosis and the relative seasonal burden of air pollution. Air pollution has a high 

spatiotemporal variability and monitoring stations may not fully reflect individual or indoor 

exposure. We did not had the possibility to assess possible job exposures. We applied PM10 

instead of PM2.5, as indicator of particulate matter. Even though PM2.5 is typically used to 
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estimate the burden of air pollution on population health, PM10 can be regarded a valid 

surrogate for PM2.5 given the strong correlation of the two. Overall, our  study suggests that air 

pollution plays a role in the etiology of acute sarcoidosis and gives a possible explanation for 

seasonal clustering, north-south gradients and risk populations. 

Page 6 of 13

 ANNALSATS Articles in Press. Published February 10, 2021 as 10.1513/AnnalsATS.202008-1083RL 
 Copyright © 2021 by the American Thoracic Society 



References

1. Hunninghake GW, Costabel U, Ando M, Baughman R, Cordier JF, Du Bois R, Eklund A, 
Kitaichi M, Lynch J, Rizzato G, Rose C, Selroos O, Semenzato G, Sharma OP. ATS/ERS/WASOG 
statement on sarcoidosis. Sarcoidosis Vasculitis and Diffuse Lung Disease 1999;16:149–173.

2. Schupp JC, Freitag-Wolf S, Bargagli E, Mihailović-Vučinić V, Rottoli P, Grubanovic A, Müller 
A, Jochens A, Tittmann L, Schnerch J, Olivieri C, Fischer A, Jovanovic D, Filipovic S, Videnovic-
Ivanovic J, Bresser P, Jonkers R, O’Reilly K, Ho L-P, Gaede KI, Zabel P, Dubaniewicz A, 
Marshall B, Kieszko R, Milanowski J, Günther A, Weihrich A, Petrek M, Kolek V, et al. 
Phenotypes of organ involvement in sarcoidosis. Eur Respir J 2018;51:1700991.

3. Gran JT, Bohmer E. Acute Sarcoid Arthritis: A Favourable Outcome? Scandinavian Journal of 
Rheumatology 1996;25:70–73.

4. Grunewald J, Grutters JC, Arkema EV, Saketkoo LA, Moller DR, Müller-Quernheim J. 
Sarcoidosis. Nat Rev Dis Primers 2019;5:1–22.

5. Visser H, Vos K, Zanelli E, Verduyn W, Schreuder GMT, Speyer I, Breedveld FC, Hazes JMW. 
Sarcoid arthritis: Clinical characteristics, diagnostic aspects, and risk factors. Annals of the 
Rheumatic Diseases 2002;61:499–504.

6. Glennås A, Kvien TK, Melby K, Refvem OK, Andrup O, Karstensen B, Thoen JE. Acute sarcoid 
arthritis: Occurrence, seasonal onset, clinical features and outcome. Rheumatology 
1995;34:45–50.

7. Poukkula A, Huhti E, Lilja M, Saloheimo M. Incidence and clinical picture of sarcoidosis in a 
circumscribed geographical area. British Journal of Diseases of the Chest 1986;80:138–147.

8. James DG. Course and Prognosis of Sarcoidosis: London. American Review of Respiratory 
Disease 1961;84:66–70.

9. Mañá J, Gómez-Vaquero C, Montero A, Salazar A, Marcoval J, Valverde J, Manresa F, Pujol R. 
Lofgren’s syndrome revisited: A study of 186 patients. American Journal of Medicine 
1999;107:240–245.

10. Demirkok SS, Basaranoglu M, Akinci ED, Karayel T. Analysis of 275 patients with sarcoidosis 
over a 38 year period; a single-institution experience. Respiratory Medicine 2007;101:1147–
1154.

11. Wilsher ML. Seasonal clustering of sarcoidosis presenting with erythema nodosum. 
European Respiratory Journal 1998;12:1197–1199.

12. Arkema EV, Grunewald J, Kullberg S, Eklund A, Askling J. Sarcoidosis incidence and 
prevalence: a nationwide register-based assessment in Sweden. European Respiratory 
Journal 2016;48:1690–1699.

13. Ramos-Casals M, Kostov B, Brito-Zerón P, Sisó-Almirall A, Baughman RP, Brito-Zerón P, 
Pérez-Alvarez R, Superville D, Kostov B, Acar-Denizli N, Sisó-Almirall A, Flores-Chavez A, 
Grant C, Retamozo S, Bosch X, Pallarés L, Buss D, Shoenfeld Y, Khamashta MA, Baughman 

Page 7 of 13

 ANNALSATS Articles in Press. Published February 10, 2021 as 10.1513/AnnalsATS.202008-1083RL 
 Copyright © 2021 by the American Thoracic Society 



RP, Ramos-Casals M. How the Frequency and Phenotype of Sarcoidosis is Driven by 
Environmental Determinants. Lung 2019;427–436.doi:10.1007/s00408-019-00243-2.

14. Kucera GP, Rybicki BA, Kirkey KL, Coon SW, Major ML, Maliarik MJ, Iannuzzi MC. 
Occupational Risk Factors for Sarcoidosis in African-American Siblings *. CHEST 
2003;123:1527–1535.

15. Deubelbeiss U, Gemperli A, Schindler C, Baty F, Brutsche MH. Prevalence of sarcoidosis in 
Switzerland is associated with environmental factors. European Respiratory Journal 
2010;35:1088–1097.

16. Newman LS, Rose CS, Bresnitz EA, Rossman MD, Barnard J, Frederick M, Terrin ML, 
Weinberger SE, Moller DR, McLennan G, Hunninghake G, DePalo L, Baughman RP, Iannuzzi 
MC, Judson MA, Knatterud GL, Thompson BW, Teirstein AS, Yeager H, Johns CJ, Rabin DL, 
Rybicki BA, Cherniack R. A case control etiologic study of sarcoidosis: Environmental and 
occupational risk factors. American Journal of Respiratory and Critical Care Medicine 
2004;170:1324–1330.

17. Kreider ME, Christie JD, Thompson B, Newman L, Rose C, Barnard J, Bresnitz E, Judson MA, 
Lackland DT, Rossman MD. Relationship of environmental exposures to the clinical 
phenotype of sarcoidosis. Chest 2005;128:207–215.

18. Prezant DJ, Dhala A, Goldstein A, Janus D, Ortiz F, Aldrich TK, Kelly KJ. The Incidence, 
Prevalence, and Severity of Sarcoidosis in New York City Firefighters. Chest 1999;116:1183–
1193.

19. Webber MP, Yip J, Zeig-Owens R, Moir W, Ungprasert P, Crowson CS, Hall CB, Jaber N, 
Weiden MD, Matteson EL, Prezant DJ. Post-9/11 sarcoidosis in WTC-exposed firefighters 
and emergency medical service workers. Respiratory Medicine 2017;132:232–237.

20. Jordan HT, Stellman SD, Prezant D, Teirstein A, Osahan SS, Cone JE. Sarcoidosis Diagnosed 
After September 11, 2001, Among Adults Exposed to the World Trade Center Disaster. 
Journal of Occupational and Environmental Medicine 2011;53:966–974.

21. Izbicki G, Chavko R, Banauch GI, Weiden MD, Berger KI, Aldrich TK, Hall C, Kelly KJ, Prezant 
DJ. World Trade Center “sarcoid-like” granulomatous pulmonary disease in New York City 
Fire Department rescue workers. Chest 2007;131:1414–1423.

22. Wall ME, Rechtsteiner A, Rocha LM. Singular Value Decomposition and Principal Component 
Analysis. In: Berrar DP, Dubitzky W, Granzow M, editors. A Practical Approach to Microarray 
Data Analysis Boston, MA: Springer US; 2003. p. 91–109.doi:10.1007/0-306-47815-3_5.

23. Broomhead DS, King GP. Extracting qualitative dynamics from experimental data. Physica D: 
Nonlinear Phenomena 1986;20:217–236.

24. Beghè D, Dall’Asta L, Garavelli C, Pastorelli AA, Muscarella M, Saccani G, Aiello M, Crisafulli 
E, Corradi M, Stacchini P, Chetta A, Bertorelli G. Sarcoidosis in an Italian province. 
Prevalence and environmental risk factors. PLoS One 2017;12:.

Page 8 of 13

 ANNALSATS Articles in Press. Published February 10, 2021 as 10.1513/AnnalsATS.202008-1083RL 
 Copyright © 2021 by the American Thoracic Society 



25. Kawano-Dourado LB, Carvalho CRR, Santos UP, Canzian M, Coletta ENA, Pereira C a. C, 
Kairalla RA. Tunnel excavation triggering pulmonary sarcoidosis. American Journal of 
Industrial Medicine 2012;55:390–394.

26. Pirozzi CS, Mendoza DL, Xu Y, Zhang Y, Scholand MB, Baughman RP. Short-term particulate 
air pollution exposure is associated with increased severity of respiratory and quality of life 
symptoms in patients with fibrotic sarcoidosis. International Journal of Environmental 
Research and Public Health 2018;15:1–10.

27. Brunekreef B, Holgate ST. Air pollution and health. Lancet 2002;360:1233–1242.

28. Schraufnagel DE, Balmes JR, Cowl CT, De Matteis S, Jung S-H, Mortimer K, Perez-Padilla R, 
Rice MB, Riojas-Rodriguez H, Sood A, Thurston GD, To T, Vanker A, Wuebbles DJ. Air 
Pollution and Noncommunicable Diseases: A Review by the Forum of International 
Respiratory Societies’ Environmental Committee, Part 2: Air Pollution and Organ Systems. 
CHEST 2019;155:417–426.

29. Zhao C-N, Xu Z, Wu G-C, Mao Y-M, Liu L-N, Qian-Wu, Dan Y-L, Tao S-S, Zhang Q, Sam NB, Fan 
Y-G, Zou Y-F, Ye D-Q, Pan H-F. Emerging role of air pollution in autoimmune diseases. 
Autoimmunity Reviews 2019;18:607–614.

30. Lelieveld J, Evans JS, Fnais M, Giannadaki D, Pozzer A. The contribution of outdoor air 
pollution sources to premature mortality on a global scale. Nature 2015;525:367–371.

Page 9 of 13

 ANNALSATS Articles in Press. Published February 10, 2021 as 10.1513/AnnalsATS.202008-1083RL 
 Copyright © 2021 by the American Thoracic Society 



Table 1: Clinical characteristics of the study cohort. 

Acute sarcoidosis patients

Patients enrolled 185

Median age (years, range) 37.4 (20 - 76)

Female n (%) 90 (48.7%)

X-ray type type 1/2 n (%) 105 (67.3%)/51 (32.7%)

Erythema nodosum n (%) 148 (80%)

Arthritis n (%) 173 (93.5%)

  Ankle n (%) 143 (88.3%)

  Knee n (%) 29 (18.0%)

  Elbow n (%) 9 (5.6%)

  Wrist n (%) 25 (15.5%)

  Finger n (%) 8 (5.0%)

Histologic confirmation n (%) 70 (37.6%)

Never smokers n (%) 68 (50.0%)

Former smokers n (%) 45 (33.1%)

Current smokers n (%) 23 (16.9%)
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Figure Legends:

Figure 1: Distribution of disease onset of 185 patients diagnosed with acute sarcoidosis shows 

significant clustering in the first third of the year (p < 0.005, Kendall τ = -0.68). The average 

monthly proportion without the influence of seasonality is 8.3% (dashed line). 

Figure 2: (a) Annual cycle showing the temporal relationship between of PM10, NO2 and the 

proportion of cases with acute sarcoidosis. Seasonal components derived from singular 

spectrum analysis for the period 2000-2016 are shown and display that the peak of acute 

sarcoidosis incidence is reached shortly after air pollution maxima. (b) SSA derived seasonal 

components of sarcoidosis frequency and temperature shows highest sarcoidosis frequency 

after the air temperature minimum is reached (period 1994-2018).  (c) Results of the lagged 

cross-correlation functions to measure the similarity between the course of acute sarcoidosis 

occurrence and PM10, NO2 and air temperature. For visualisation results were centred and 

scaled to have mean 0 and standard deviation 1. 
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Distribution of disease onset of 185 patients diagnosed with acute sarcoidosis shows significant clustering in 
the first third of the year (p < 0.005, Kendall τ = -0.68). The average monthly proportion without the 

influence of seasonality is 8.3% (dashed line). 
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(a) Annual cycle showing the temporal relationship between of PM10, NO2 and the proportion of cases with 
acute sarcoidosis. Seasonal components derived from singular spectrum analysis for the period 2000-2016 

are shown and display that the peak of acute sarcoidosis incidence is reached shortly after air pollution 
maxima. (b) SSA derived seasonal components of sarcoidosis frequency and temperature shows highest 

sarcoidosis frequency after the air temperature minimum is reached (period 1994-2018).  (c) Results of the 
lagged cross-correlation functions to measure the similarity between the course of acute sarcoidosis 

occurrence and PM10, NO2 and air temperature. For visualisation results were centred and scaled to have 
mean 0 and standard deviation 1. 
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