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ABSTRACT. Background: Sarcoidosis is a chronic systemic granulomatous disease of unknown etiology that dis-
proportionately affects black females. Few studies have specifically addressed causes of death in this popula-
tion. Obyjectives: To assess rates and causes of death among women with sarcoidosis in a prospective cohort study
of U.S. black women. Design: The Black Women’s Health Study is a follow-up study of 59,000 U.S. black
women aged 21-69 (median age 38) at entry in 1995. Data on demographic and lifestyle factors and medical
conditions, including sarcoidosis, were obtained through biennial questionnaires. Deaths and causes of death
from 1995 through 2009 among study subjects were identified from National Death Index data. We assessed
mortality rates among women with and without a history of sarcoidosis. Poisson regression models were used
to estimate age-adjusted mortality rates. Cox proportional-hazards models were used to estimate hazard ratios
for mortality and 95% confidence intervals. Resu/s: A total of 121 deaths occurred among 1,192 women with
a history of sarcoidosis and 2813 deaths among women without sarcoidosis. Mortality was greater at every age
among women with sarcoidosis and the overall multivariable-adjusted hazard ratio was 2.44 (95% CI 2.03-2.93,
p<0.0001). Of the deaths among women with sarcoidosis, 24.7% were directly attributable to sarcoidosis. Con-
clusions: In the Black Women’s Health Study, women with sarcoidosis were more than twice as likely to die as
women without the disease, with many of the deaths directly attributable to sarcoidosis. Sarcoidosis is an im-
portant cause of premature death among black women with the disease. (Sarcoidosis Vasc Diffuse Lung Dis 2013;
30: 128-133)
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States (2-5). For most patients, sarcoidosis has a be-
nign clinical course, but for a subset of patients it is
a chronic, life threatening disease with lifetime risk
of death from sarcoidosis estimated between 1 and
7% (1, 6, 7). In the United States, black women have
a significantly higher incidence of disease and high-
er mortality compared to men overall and women of
other racial groups (3, 8-12).

The majority of studies that have assessed mor-
tality rates specifically among black women with sar-
coidosis have been small and retrospective or relied
largely on administrative data (3, 6, 8, 13-15). The
Black Women’s Health Study (BWHS) is a prospec-
tive cohort study of 59,000 U.S. black women which
began in 1995. The prevalence of sarcoidosis in this
cohort as of the end of 2007 was estimated to be 2%,
and the annual incidence was 71/100,000 (16). The
size and prospective nature of the BWHS, including
follow-up for death, provide a unique opportunity to
investigate all-cause and disease-specific mortality
among black women with sarcoidosis.

METHODS

The human subjects’ protocol for this study was
approved by the Boston University Medical Center
Institutional Review Board. The BWHS is a
prospective cohort study that enrolled 59,000
African-American women aged 21 through 69 years
at baseline in 1995 (16). The cohort is followed bi-
ennially by postal health questionnaires. Follow-up
has averaged over 80% through seven questionnaire
cycles. Since 1995, the BWHS investigators have
published >100 peer-reviewed manuscripts, includ-
ing etiologic analyses of sarcoidosis (16), and mor-
tality (17, 18).

The present analyses are based on follow-up
from 1995 through 2009. Diagnosis of sarcoidosis
was ascertained by self-report (16). Women who re-
ported sarcoidosis were asked for permission to con-
tact their physicians for information on diagnosis
and treatment. Because of the high level of confir-
mation (96% of the 148 cases for whom physician
data were obtained) (16), all self-reported cases have
been included in the present analysis except those
disconfirmed by medical records.

Deaths were identified by searching the Na-
tional Death Index (NDI) database for BWHS par-

ticipants who did not respond to mailed question-
naires or were deemed lost to follow-up (17-19); re-
ports of death were also obtained from next of kin,
the Social Security Death Master File, and the U.S.
Postal Service. Immediate, underlying, and other
significant causes of death were obtained from ei-
ther the NDI or a state-issued death certificate and
coded according to the International Classification
of Diseases, Ninth Revision (ICD-9). Deaths were
classified as directly attributable to sarcoidosis if
sarcoidosis was listed as either the immediate or un-
derlying cause of death, and further classified as due
to respiratory failure if respiratory failure, respirato-
ry arrest or pulmonary fibrosis was listed as the im-
mediate or underlying cause of death. Information
on age, smoking history, alcohol intake, weight, and
geographical region was obtained at baseline in
1995 and on each follow-up questionnaire; height
was collected in 1995, and attained educational lev-
el was assessed in 1995 and in 2003. Body mass in-
dex (BMI) was calculated as weight (kg) divided by
height squared (m?). Pack-years of smoking were
calculated by multiplying the duration of smoking
in years by the number of packs of cigarettes
smoked per day.

Person-years were measured from the beginning
of follow-up in 1995 until the date of death or the
end of follow-up (December 31, 2009), whichever
occurred first. We assessed mortality among women
with and without a history of sarcoidosis. All analy-
ses were performed using SAS statistical software,
version 9.3 (20). Chi-square tests were used to com-
pare proportions between groups. Poisson regres-
sion models were used to estimate overall and age-
specific mortality rates (per 10,000 person-years)
and 95% confidence intervals (95% CI). Overall
mortality rates were adjusted for age using the 50-54
year age-group of the BWHS as the reference
(modal category for deaths). Cox proportional-haz-
ards models, stratified according to age in 1-year in-
tervals and 2-year questionnaire cycles, were used to
estimate mortality ratios; our multivariable model
included terms for education (<12, 13-15, >16
years), pack-years of smoking (none, <5, 5-14, 15-
24, 225), alcohol consumption (none, <1, 1-6, 27
drinks/week), geographical region (Northeast,
South, Midwest, West), and BMI (<25, 25-29, >30).
With the exception of education, all covariates were
time-varying.
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REesurts

The BWHS cohort was a young cohort at base-
line (median age, 38): 22% of participants were 21-29
years of age, 33% were 30-39, 28% were 40-49, and
17% were 50-69. A total of 686 women reported sar-
coidosis at the time of enrollment and an additional
493 women reported a diagnosis of sarcoidosis during
the follow up period (prevalence = 2.0%, annual inci-
dence rate = 69/100,000). Of 2,934 deaths ascertained,
121 deaths occurred among women with sarcoidosis
and 2,813 deaths among women without sarcoidosis.
A total of 7 sarcoidosis cases were identified based on
death certificate data alone. As shown in table 1, dece-
dents with sarcoidosis were similar to decedents with-
out sarcoidosis in terms of age, educational level, BMI,
alcoholic beverages consumed per week and geograph-

Table 1. Bascline characteristics of deaths among women with and
without sarcoidosis in the BWHS

Deaths
Women  Women P value
with without
sarcoidosis sarcoidosis
(n=121)  (n=2813)

Age (years), %

<30 3 5

30-39 19 17

40-49 33 29

50-59 30 26

>60 15 23 0.20
Education (years), %

<12 25 32

13-15 40 35

>16 35 33 0.27
Geographical Region of Residence, %

Northeast 22 29

South 33 26

Midwest 26 26

West 19 19 0.30
Body Mass Index (kg/m?), %

<25 26 30

25-29 30 31

>30 44 39 0.56
Packyears of Smoking (years), %

Never smoker 42 44

<5 21 12

5-14 21 20

15-24 8 9

>25 8 15 0.04
Alcohol Consumption (drinks/week), %

Never, <1 76 74

1-6 16 18

>7 8 8 0.83

ic area of residence. Decedents without sarcoidosis
were more likely to be heavy smokers.

The age-adjusted mortality for women with
sarcoidosis was 94 deaths per 10,000 person years
(95% CI, 77/10,000 — 114/10,000) compared to 43
deaths per 10,000 person years (95% CI, 39/10,000
—47/10,000) in women without sarcoidosis. Relative
to women without sarcoidosis, the age-adjusted
mortality ratio was 2.22 (95% CI, 1.85-2.67) for
women with sarcoidosis; the multivariable estimate
was 2.44 (95% CI, 2.03-2.93) with control of smok-
ing and 2.30 (1.92-2.76) when smoking was not
controlled. The multivariable estimate was similar
when stratified by smoking status: 2.19, 95% ClI,
1.64-2.92 for never smokers and 2.44, 95% CI, 1.93-
3.09 for current or past smokers.

Figure 1 shows age-specific mortality according
to sarcoidosis status. Women with sarcoidosis had
higher mortality compared to women without sar-
coidosis in every age group.

Figure 2 shows the underlying causes of death
among decedents with sarcoidosis. Twenty-five per-
cent (n=30) of the deaths were directly attributable
to the disease; that is, sarcoidosis was listed as either
the immediate or underlying cause of death on the
death certificate. For an additional 13% (n=16) of
decedents, sarcoidosis was listed as a significant
cause of death on the death certificate but not as the
immediate or underlying cause of death. The re-
maining 62% of decedents with sarcoidosis had no
mention of the disease on the death certificate.

Of the decedents with sarcoidosis whose deaths
were not directly attributable to the disease, 5%
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Underlying Cause of Death Among Black Women's
Health Study Subjects with Sarcoidosis
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Fig. 2.

(n=6) had pulmonary hypertension or pulmonary fi-
brosis listed as the underlying cause of death. Of
deaths considered directly attributable to sarcoidosis,
43% (13/30) were classified as being secondary to

respiratory failure.

Discussion

The present study, to the best of our knowledge,
is the largest prospective epidemiologic study to date
to evaluate sarcoidosis-related mortality in African
American women. In this relatively young cohort,
mortality among women with sarcoidosis was high-
er than that in women without sarcoidosis across all
age groups. The overall adjusted mortality ratio
among African American women with sarcoidosis
was 2.44, and 25% of the deaths were directly attrib-
utable to sarcoidosis. Thus, sarcoidosis appears to be
an important cause of premature mortality in this
population.  For comparison, within the Black
Women’s Health Study cohort, the multivariable ad-
justed hazard ratio for mortality associated with
morbid obesity (BMI 40.0-49.9 relative to BMI
22.5-24.9) was recently reported to be 2.19 (95% CI,
1.62-2.95) (18). Correspondingly, mortality studies
of chronic autoimmune diseases such as lupus (21)
and scleroderma (22) have reported an increased risk
of mortality of a similar magnitude to that reported
for sarcoidosis in the present study. Bernatsky et al.
reported a 2-fold increase in mortality (standardized

mortality ratio 2.4, 95% CI, 2.3-2.5) in an interna-
tional cohort of lupus patients from 23 centers (21).
Similarly, Jacobsen and colleagues observed a nearly
3-fold increase in mortality (standardized mortality
ratio 2.9, 95% CI, 2.5-3.4) in a cohort or Danish pa-
tients (22).

A recent large population-based study used da-
ta from the National Center for Health Statistics to
evaluate trends in sarcoidosis-related mortality (8).
Based on death certificates of U.S. decedents with
sarcoidosis listed as an associated cause of death,
Swigris et al. found that age-adjusted sarcoidosis-re-
lated mortality increased by 50.5% in women from
1988 to 2008, with the largest absolute increase in
sarcoidosis-related mortality occurring in non-His-
panic black females (from 18.85 to 27.58 deaths per
million). Whether this increase is real or an artifact
due to increased detection is difficult to determine as
incidence rates across this time period are not readi-
ly available.

In the BWHS cohort, the most common cause
of death among decedents with sarcoidosis was the
disease itself, accounting for 25% of deaths. This is
a lower estimate of sarcoidosis-attributable mortali-
ty than that published by Swigris et al., who report-
ed that 58.8% of decedents with sarcoidosis died as a
result of the disease (8). Swigris and colleagues did
not have access to decedents’ clinical records and re-
lied exclusively on death certificate data to identify
individuals with a history of sarcoidosis. In contrast,
the 121 BWHS decedents with a history of sar-
coidosis were identified using a combination of
questionnaire, medical records, and death certificate
data; only 7 sarcoidosis cases were identified exclu-
sively from death certificate data. When our analysis
was limited to the 45 BWHS decedents for whom
sarcoidosis was listed on the death certificate, our es-
timate of sarcoidosis-attributable mortality increased
to 65%, similar to the estimate reported by Swigris et
al (8).

Prior studies suggest that respiratory system in-
volvement of sarcoidosis is the most common cause
of sarcoidosis-specific mortality in the United States
(3, 4). Among the 25% of BWHS decedents whose
deaths were considered to be directly attributable to
sarcoidosis, 43% of deaths were classified as due to
respiratory failure. An additional 13% of death cer-
tificates of BWHS decedents whose deaths were di-
rectly attributed to sarcoidosis mentioned cardiomy-
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opathy or congestive heart failure as a significant
cause of death. While an association between sar-
coidosis and pulmonary embolism has recently been
suggested (23, 24); only two death certificates in
BWHS decedents with sarcoidosis mentioned pul-
monary embolism.

Strengths of the current study include its large
size, prospective design, and high follow-up rates.
Important potential confounding factors including
age, geographic region, educational attainment,
smoking, alcohol consumption, and body mass in-
dex, were taken into account in the analysis. Study
participants are representative of most US black
women and are residents of all regions of the United
States. However, literacy is required for participation
in studies using detailed, mailed questionnaires.
Thus women participating in the BWHS underrep-
resent the 15% of black women in the United States
who did not graduate from high school, which may
limit the generalizability of the results (25).

Examination of subjects in studies of the size of
the BWHS is infeasible and prohibitively expensive.
Therefore, a diagnosis of sarcoidosis for the purpose
of the present study relied on participant self-report.
As previously described, an examination of a subset
of these self-diagnoses confirmed the diagnosis in
96% of cases (16). However, it is possible that some
study participants had undiagnosed sarcoidosis and
that others were mis-diagnosed, which could have
affected our mortality estimates. It is also possible
that BWHS cohort under-represents the most se-
vere levels of sarcoidosis disease activity. Specifically,
there is very low documentation of cardiac sarcoido-
sis within this cohort.

Another limitation is the use of death certifi-
cates to determine cause of death among BWHS
decedents. Death certificates are well-known to pro-
vide limited clinical information and there are inac-
curacies in the diagnoses provided. Causes of death
from death certificates may in general underrepre-
sent deaths from sarcoidosis.

In summary, in the BWHS cohort of 59,000
black women in the United States, the relative risk of
death among participants with sarcoidosis was twice
that of participants without sarcoidosis, with 25% of
deaths directly attributable to sarcoidosis. These
findings highlight the importance of sarcoidosis as a
cause of premature death among black women with
the disease.

ACKNOWLEDGEMENTS

The authors thank Dr. Lauren Wise for her helpful
comments. The content is solely the responsibility of the
authors and does not necessarily represent the official view
of the National Institutes of Health.

REFERENCES

—_

. Statement on sarcoidosis. Joint statement of the American Thoracic
Society (ATS), the European Respiratory Society (ERS) and the
World Association of Sarcoidosis and Other Granulomatous Disor-
ders (WASOG) adopted by the ATS board of directors and by the
ERS executive committee, February 1999. Am J Respir Crit Care
Med 1999; 160 (2): 736-55.

. Baughman RP, Teirstein AS, Judson MA, et al. Clinical characteris-
tics of patients in a case control study of sarcoidosis. Am ] Respir Crit
Care Med 2001; 164 (10 Pt 1): 1885-9.

. Gideon NM, Mannino DM. Sarcoidosis mortality in the United

States 1979-1991: An analysis of multiple-cause mortality data. Am

J Med 1996;100(4):423-7.

Huang CT, Heurich AE, Sutton AL, Lyons HA. Mortality in sar-

coidosis. A changing pattern of the causes of death. Eur J Respir Dis

1981; 62 (4): 231-8.

. Baughman RP, Winget DB, Bowen EH, Lower EE. Predicting res-
piratory failure in sarcoidosis patients. Sarcoidosis Vasc Diffuse Lung
Dis 1997; 14 (2): 154-8.

. Reich JM. Mortality of intrathoracic sarcoidosis in referral vs popu-
lation-based settings: Influence of stage, ethnicity, and corticosteroid
therapy. Chest 2002; 121 (1): 32-9.

. Hillerdal G, Nou E, Osterman K, Schmekel B. Sarcoidosis: Epi-
demiology and prognosis. A 15-year European study. Am Rev Respir
Dis 1984; 130 (1): 29-32.

. Swigris JJ, Olson AL, Huie TJ, et al. Sarcoidosis-related mortality in
the United States from 1988 to 2007. Am J Respir Crit Care Med
2011; 183 (11): 1524-30.

. Rybicki BA, Major M, Popovich J,Jr, Maliarik M], Tannuzzi MC.
Racial differences in sarcoidosis incidence: A 5-year study in a health
maintenance organization. Am ] Epidemiol 1997; 145 (3): 234-41.

10. Rybicki BA, Maliarik MJ, Major M, Popovich J,Jr, Iannuzzi MC.
Epidemiology, demographics, and genetics of sarcoidosis. Semin
Respir Infect 1998; 13 (3): 166-73.

. Israel HL, Gottlieb JE, Peters SP. The importance of ethnicity in the
diagnosis and prognosis of sarcoidosis. Chest 1997; 111 (4): 838-40.

12. Israel HL, Karlin P, Menduke H, DeLisser OG. Factors affecting out-
come of sarcoidosis. Influence of race, extrathoracic involvement, and
initial radiologic lung lesions. Ann N'Y Acad Sci 1986; 465: 609-18.

13. Reich JM, Johnson RE. Course and prognosis of sarcoidosis in a non-
referral setting. Analysis of 86 patients observed for 10 years. Am J
Med 1985; 78 (1): 61-7.

14. Shorr AF, Davies DB, Nathan SD. Predicting mortality in patients
with sarcoidosis awaiting lung transplantation. Chest 2003; 124 (3):
922-8.

15. Shorr AF, Helman DL, Davies DB, Nathan SD. Sarcoidosis, race,
and short-term outcomes following lung transplantation. Chest 2004;
125 (3): 990-6.

16. Cozier YC, Berman JS, Palmer JR, Boggs DA, Serlin DM, Rosenberg
L. Sarcoidosis in black women in the United States: Data from the
Black Women’s Health Study. Chest 2011; 139 (1): 144-50.

17. Albert MA, Cozier Y, Ridker PM, et al. Perceptions of race/ethnic

discrimination in relation to mortality among black women: Results

NS}

w

>

v

(=)

~

oo

Nel

1

=



Sarcoidosis mortality in black women

133

from the Black Women’s Health Study. Arch Intern Med 2010; 170
(10): 896-904.

18. Boggs DA, Rosenberg L, Cozier YC, et al. General and abdominal
obesity and risk of death among black women. N Engl ] Med 2011;
365 (10): 901-8.

19. National Center for Health Statistics: National Death Index user’s
manual. Hyattsville; 2000.

20. SAS Institute, Inc. SAS/STAT® 9.3 User’s Guide, Cary, NC: SAS
Institute, Inc; 2011.

21. Bernatsky S, Boivin JF, Joseph L, et al. Mortality in systemic lupus
erythematosus. Arthritis Rheum 2006;54(8):2550-7.

ERRATA CORRIGE

* Sarcoidosis Vasc Diffuse Lung Dis. 2012; 29: 119-127.

22. Jacobsen S, Halberg P, Ullman S. Mortality and causes of death of
344 Danish patients with systemic sclerosis (scleroderma). Br J
Rheumatol 1998; 37 (7): 750-5.

23. Crawshaw AP, Wotton CJ, Yeates DG, Goldacre MJ, Ho LP. Evi-
dence for association between sarcoidosis and pulmonary embolism
from 35-year record linkage study. Thorax 2011; 66 (5): 447-8.

24. Swigris J], Olson AL, Huie TJ, et al. Increased risk of pulmonary em-
bolism among US decedents with sarcoidosis from 1988 to 2007
Chest 2011; 140 (5): 1261-6.

25. U.S. Department of Commerce. Educational Attainment in the United
States. Washington, DC: Department of Commerce; 1998.

The clinical course of sarcoidosis: presentation, diagnosis, and treatment in a large white and black cohort in

the United Stated. Judson M.A., Boan A.D., Lackland D.T.

In figure 1, the 5 pairs of bars represent, from left to right, the percentage of patients with stage 0, 1, 2, 3,
and 4 Scadding chest radiographs respectively. The horizontal lines represent, from the X axis moving

higher, 0%, 10%, 20%, 30%, 40%, 50%.”

* Sarcoidosis Vasc Diffuse Lung Dis. 2012 Oct; 29(2): 99-106.
Bronchial hyperreactivity in sarcoidosis patients: correlation with airflow limitation indices. Martusewicz-

Boros MM, Boros WP, Wiatr E, Wesolowski S, Roszkowski-Sliz K.

Erratum in:

Bronchial hyperreactivity in sarcoidosis patients: correlation with airflow limitation indices. Martusewicz-

Boros MM, Boros PW, Wiatr E, Wesolowski S, Roszkowski-Sliz K.





