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Abstract
Rationale—Sarcoidosis is a chronic systemic granulomatous disease of unknown etiology that
disproportionately affects black females. Few studies have specifically addressed causes of death
in this population.

Objectives—To assess rates and causes of death among women with sarcoidosis in a prospective
cohort study of U.S. black women.

Methods—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.

Measurements—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 (95% CI).

Main Results—A total of 121 deaths occurred among 1,192 women with a history of sarcoidosis
and 2813 deaths among women without the diagnosis. 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.

Conclusions—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 important cause of premature death among black women with the
disease.
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Introduction
Sarcoidosis is a chronic systemic granulomatous disease of unknown etiology1. The clinical
presentation of sarcoidosis is highly variable, with the lungs being the most common organ
system affected and progressive pulmonary disease the most common cause of morbidity
and mortality2–5. For most patients, sarcoidosis has a benign 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 to 7%1,6,7. In the United States, black women have a significantly
higher incidence of disease and higher mortality compared to men overall and women of
other racial groups3,8–12.

The majority of studies that have assessed mortality rates specifically among black women
with sarcoidosis have been small and retrospective or relied largely on administrative
data 3,8,14–17. The Black Women’s Health Study (BWHS) is a prospective 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 2009 was estimated to be 2%, and the annual incidence was 71/100,00013.
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 199513. The
cohort is followed biennially by postal health questionnaire. Follow-up has averaged over
80% through seven questionnaire cycles.

The present analyses are based on follow-up from 1995 through 2009. Diagnosis of
sarcoidosis was ascertained by self-report13. Women who reported sarcoidosis were asked
for permission to contact their physicians for information on diagnosis and treatment.
Because of the high level of confirmation (96% of the 148 cases for whom physician data
were obtained) 13, all self-reported cases have been included in the present analysis except
those disconfirmed by medical records.

Deaths were identified by searching the National Death Index (NDI) database for BWHS
participants who did not respond to mailed questionnaires or were deemed lost to follow-
up18–20 ; reports 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 either 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 underlying cause of death, and further classified as due to respiratory failure if
respiratory failure, respiratory arrest or pulmonary fibrosis was listed as the immediate 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 level was assessed in 1995 and in
2003. Body mass index (BMI) was calculated as weight (kg) divided by height squared
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(m2). 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 analyses were
performed using SAS statistical software, version 9.321. Chi-square tests were used to
compare proportions between groups. Poisson regression 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-hazards
models, stratified according to age in 1-year intervals and 2-year questionnaire cycles, were
used to estimate mortality ratios (95% CI); our multivariable model included terms for
education (≤12, 13–15, ≥16 years), packyears of smoking (none, <5, 5–14, 15–24, ≥25),
alcohol consumption (none, <1, 1–6, ≥ 7 drinks/week), geographical region (Northeast,
South, Midwest, West), and BMI (<25, 25–29, ≥30). With the exception of education, all
covariates were time-varying.

RESULTS
The BWHS cohort was a young cohort at baseline (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 sarcoidosis at the time of enrollment and an additional 506 women
reported a diagnosis of sarcoidosis during the follow up period. 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, decedents with sarcoidosis were similar to decedents
without sarcoidosis in terms of age, educational level, BMI, alcoholic beverages consumed
per week and geographic 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).

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

Figure 2 shows the underlying causes of death among decedents with sarcoidosis. Twenty-
five percent (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
remaining 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% (n=6) had pulmonary hypertension or pulmonary fibrosis 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.
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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 higher 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
attributable to sarcoidosis. Thus, sarcoidosis appears to be an important cause of premature
mortality in this population.

A recent large population-based study used data from the National Center for Health
Statistics to evaluate trends in sarcoidosis-related mortality8. 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-related mortality increased by 50.5% in women from 1988 to
2008, with the largest absolute increase in sarcoidosis-related mortality occurring in non-
Hispanic 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 readily 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 mortality than that published by Swigris et al., who reported that 58.8% of
decedents with sarcoidosis died as a result of the disease8. Swigris and colleagues did not
have access to decedents’ clinical records and relied exclusively on death certificate data to
identify individuals with a history of sarcoidosis. In contrast, the 121 BWHS decedents with
a history of sarcoidosis were identified using a combination of questionnaire, medical
records, and death certificate data; only 7 sarcoidosis cases were identified exclusively from
death certificate data. When our analysis was limited to the 45 BWHS decedents for whom
sarcoidosis was listed on the death certificate, our estimate of sarcoidosis-attributable
mortality increased to 65%, similar to the estimate reported by Swigris et al8.

Prior studies suggest that respiratory system involvement of sarcoidosis is the most common
cause of sarcoidosis-specific mortality in the United States3,4. 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 certificates
of BWHS decedents whose deaths were directly attributed to sarcoidosis mentioned
cardiomyopathy or congestive heart failure as a significant cause of death. An association
between sarcoidosis and pulmonary embolism has recently been suggested22,23; only two
death certificates in BWHS decedents with sarcoidosis mentioned pulmonary 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 index, 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
underrepresent the 15% of black women in the United States who did not graduate from
high school, which may limit the generalizability of the results24.

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 cases13. However, it is possible that some
study participants had undiagnosed sarcoidosis and that others were mis-diagnosed, which
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could have affected our mortality estimates. It is also possible that BWHS cohort under-
represents the most severe levels of sarcoidosis disease activity. Specifically, there is very
low documentation of cardiac sarcoidosis within this cohort.

Another limitation is the use of death certificates to determine cause of death among BWHS
decedents. Death certificates are well-known to provide limited clinical information and
there are inaccuracies in the diagnoses provided. Cause of deaths from death certificates
may in general underrepresent 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.
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Figure 1.
Age-specific Mortality according to history of sarcoidosis
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Figure 2.
Underlying Cause of Death Among Black Women’s Health Study Subjects with Sarcoidosis
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Table 1

Baseline characteristics of deaths among women with and without sarcoidosis in the BWHS

Deaths

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

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/m2), %

 <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
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