
Introduction

Sarcoidosis is a systemic inflammatory disease
characterized by the formation of noncaseating
granulomas, with over 90% of patients having lung
involvement (1). Although the disease was first de-

scribed over 100 years ago, the etiology and natural
history are still unclear. Thus, investigating seasonal
and regional patterns of sarcoidosis is important to
further understand potential environmental factors
that may be etiologic triggers. Previous studies in
Europe, Turkey, New Zealand, and Japan have sug-
gested seasonal peaks of sarcoidosis presentations in
the early spring, especially for cases of Lofgren’s syn-
drome (2, 6). However, there are few published re-
ports specifically analyzing seasonality in the United
States (U.S.). Because sarcoidosis is uncommon, it is
difficult to investigate seasonality based on single
center data. The purpose of this study was to deter-
mine if seasonal trends of sarcoidosis exist in the
U.S., using appropriate methods for dealing with au-
tocorrelated data. In addition, because seasonality
has previously varied by latitude and hemisphere, we
tested for seasonal trends in both the northern and
southern latitudes of the U.S. (4, 5).
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Methods

All data from October 2000 to June 2007 were
extracted from the computerized Veterans Health
Administration (VHA) national outpatient care
claims database. The VHA maintains one of the
largest integrated health care systems in the U.S. All
patient identifiers were encrypted. The study was in
compliance with the Helsinki declaration and was
approved by the Institutional Review Board ethical
committee at the University of Iowa, IRB#
200504802 (Iowa City, Iowa, United States). In-
formed consent was deemed not necessary as all in-
formation was de-identified. Sarcoidosis cases were
identified by the International Classification of Dis-
eases, Ninth Revision, Clinical Modification
code,135. Cases were included if they were 18 years
or older. To select for patients who utilize the system
on a regular basis, cases had at least one primary care
visit in the year prior to diagnosis. To select for inci-
dent cases, potential cases were excluded if they had
a diagnosis of sarcoidosis in the one year prior to the
index date. The geographical location of patients
with sarcoidosis was obtained by identifying the lon-
gitude and latitude of the patient’s zip code. The
ZIPCodeWorld database was used for mapping the
zip code to its corresponding longitude and latitude
(7).The patients were divided into two groups: north
with latitude greater than or equal to 35 and south
with latitude less than 35 (approximately below the
state of Tennessee and Los Angeles, California).

To investigate potential seasonality, we first in-
spected the sample autocorrelation function (ACF)
and box plots against each month for the nationwide
sarcoidosis series, and subsequently, for the two sub-
series stratified by latitude (north and south). A test
for seasonality was conducted by determining
whether or not the autocorrelation at lag 12 was sta-
tistically different from zero. We further explored
the seasonal pattern of nationwide sarcoidosis inci-
dence using a time series regression model. A di-
chotomous variable, indicating the suspected peak
months of February through May was included in
the model as an exogenous covariate. An autoregres-
sive moving average structure was employed to ac-
count for the serial correlation in the residual
process. Model specification and diagnostics were
performed based on the sample ACF, partial ACF
(PACF), and extended ACF (EACF). The Ljung-

Box test was conducted to check whether or not the
residuals from the final model appear to be white
noise. In a similar fashion, we built time series re-
gression models for the two sub-series of sarcoidosis
incidences in the south (latitude less than 35) and
north (latitude greater than or equal to 35).

All statistical analyses were performed using R
version 2.11.1 (R Foundation for Statistical Com-
puting). The funding source did not have involve-
ment in study design, data analysis, writing, or sub-
mission of the manuscript.

Results

Of the 3791 subjects included in the study, 86%
were male. Racial demographics indicated that 39%
of patients were black, 25% white, 2% Hispanic,
0.3% Asian, and 33% of the subjects had unknown
race. Both median and mean age was 50 years old
(range 21 to 86 years). Over the study period, the
time series plots and box plots against each month
did not show any apparent seasonality for sarcoido-
sis incidence (Fig. 1). None of the autocorrelations at
lag 12 was significant (nation: p=0.9860; south:
p=0.9864; north: p=0.9947).

Our final time series regression model for the
nationwide sarcoidosis series contained a first-order
autoregressive component (p<0.0001), a first-order
moving average component (p<0.0001), and the di-
chotomous variable (p=0.3979) that indicated the
suspected peak months. The final model showed no
lack of fit based on the Ljung-Box test (p=0.3031)
and an inspection of the ACF and PACF of the
residuals. We did not find any significant seasonality
for the two sub-series (north: p=0.6824; south:
0.4588) using the same model structure.

Discussion

In this study, we did not find a significant sea-
sonal pattern in sarcoidosis cases diagnosed in the
U.S. A subanalysis also investigated trends in both
southern and northern latitudes to assess how dis-
tance from the equator may affect seasonality. How-
ever, even after using several different descriptive
and inferential approaches to detect seasonal trends,
we did not detect any statistically significant trends.
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Previous studies of the seasonality of sarcoidosis
have varied by country, presentation, age and gender.
Nonspecific peaks in overall diagnoses have been
noted in spring months in some prior studies (2, 4,
6, 9). However, our data may compliment the New

Zealand study from Wilsher et al., which found no
evidence of overall seasonality except for patients
with erythema nodosum and/or arthralgia (5). In our
study, the U.S. Veteran population may reflect a dif-
ferent demographic or manifestation of sarcoidosis

Fig. 1.Time series and box plots for sarcoidosis incidences in the nation (p=0.9860), south (p=0.9864), and north (p=0.9947) from Octo-
ber 2000 to June 2007, indicating no evidence of seasonality in sarcoidosis diagnoses in the United States Veteran population
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that is not seasonal. Previous study has shown that
seasonality is more prominent in women and in
younger populations (9). Thus, seasonality may not
be apparent in the U.S. Veterans, as the demograph-
ic is primarily male with an older average age of pre-
sentation. Furthermore, over time, the Veteran pop-
ulation has noted a decrease in hospitalizations due
to sarcoidosis, potentially attributable to improved
respiratory precautions and increased vigilance to-
ward prevention of inhalational exposures. Thus, the
military population may reflect a different subgroup
of disease and exposures (10). Finally, our cohort
may include a greater proportion of patients with
previously undiagnosed disease compared to other
studies, given the older average age in our predomi-
nately male cohort. These clinical variations may in-
dicate a differing etiology, exposure, or presentation
of the military population, limiting the generaliza-
tion of prior data from other populations.

Our study has several limitations. First, patho-
logic and radiologic data were not available to con-
firm diagnosis, stratify by sarcoidosis phenotype, or
confirm incidence. Second, any lag in diagnosis from
onset of symptoms may dampen a potential season-
al effect, particularly if the lag is variable by region.
Third, it may be that sarcoidosis is a manifestation of
a number of different diseases or exposures, which is
why the triggering factor has historically been so
elusive. In this respect, it may also be that different
clinical phenotypes, such as Lofgren’s (which typi-
cally has spontaneous regression) may represent a
different disease or host susceptibility than someone
with chronic progressive sarcoidosis, and therefore,
the phenomenon should not be analyzed as one uni-
form disease process.

Despite these limitations, our study includes a
large national sample, allowing us to use appropriate
time series and seasonal modeling techniques for au-
tocorrelated data. We were also able to assess sea-
sonality by latitude. To our knowledge, this study is
one of the first to specifically address seasonality of
new sarcoidosis cases in the U.S. with this magnitude
of sample size.

Conclusion

The absence of proof is not the proof of ab-
sence, but our results indicate that season is not a
dominant factor in the development of sarcoidosis in
the U.S. Veteran population. Rather, seasonal expo-
sure may reflect one part of a complex gene-environ-
ment-host interaction that precedes presentation of
the disease. In order to further study this phenome-
non, a large, national registry is needed to evaluate
these trends, particularly to analyze environmental
and seasonal effects according to various pheno-
types.
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