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Prospective study of body mass index and
risk of sarcoidosis in US women
To the Editor:
Sarcoidosis is a systemic inflammatory disorder, characterised by the formation of immune granulomas
that can occur in various organs, but typically affects the lungs [1]. Although sarcoidosis resolves
spontaneously in many cases, about one-third of patients experience chronic disease associated with
significant morbidity [2].
Although the exact causes of sarcoidosis remain unknown, it is thought to result from an exaggerated
immune response to yet unidentified antigens in individuals with genetic susceptibility [1]. Geographical
variations in sarcoidosis occurrence support the existence of environmental risk factors [3–5]. Research
into the potential causes of sarcoidosis has focused on occupational and environmental exposures [6, 7],
but lifestyle-related risk factors have not been as extensively examined.
The proinflammatory milieu of obesity appears to favour the development of other inflammation-related
diseases, such as asthma [8]. Recently, a study of African-American women found that obesity was
prospectively associated with a higher risk of incident sarcoidosis [9]. Black Americans are known to have
an increased risk of sarcoidosis compared to white Americans, and risk factors may differ across these two
populations. Although an association between obesity and sarcoidosis has also been suggested in two
studies of predominantly white populations [10, 11], data were either cross-sectional or included limited
information regarding weight change over time and potential confounders. In the current study, we aimed
to investigate the prospective association of body mass index (BMI) and weight change with a 24-year
incidence of sarcoidosis in a large cohort of female nurses in the U.S.
The Nurses’ Health Study II (NHSII) began in 1989, when 116 430 female registered nurses from 14 U.S.
states, aged 25–44 years, completed a mailed questionnaire on their medical history and lifestyle
characteristics [3]. Follow-up questionnaires have been sent every 2 years since. The active follow-up rate
(number of person-years in the cohort, when participants are censored after their last questionnaire
response) from 1989 to 2013 was 86% of the potential person-years. The study was approved by the local
Institutional Review Board.
In all questionnaires, participants were asked to report any physician-diagnosed condition(s) that they had
ever experienced (baseline) or with which they were diagnosed since the last questionnaire cycle
(follow-up). Although no specific question on sarcoidosis was included, participants were asked to report
“other major illness” in a final free-text field. We used this information to identify cases of
physician-diagnosed sarcoidosis from 1989–2013. Although cases have not been validated by medical
records, the validity of these nurses’ health outcomes reports is generally >80% for other conditions [12].
Furthermore, a 96% agreement between self-report of sarcoidosis diagnosis and physician’s report has
been reported in the Black Women’s Health Study [9].
Current height and weight, and weight at age 18 years were reported on the baseline questionnaire.
Current weight was updated in all subsequent biennial questionnaires. Race (white, black, others), smoking
status (never, ex- or current smoker) and pack-years (continuous), U.S. region (West, Midwest, South,
Northeast), household income (>$44 500 versus ⩽$44 500), husband’s education (high school or less,
college graduate, graduate degree), physical activity (<3, 3–8.9, 9–17.9, 18–26.9, 27–41.9, ⩾42 metabolic
equivalents (METs) per week) and alcohol consumption (0, 0.01–5, 5.01–10, >10 g/day) were examined as
potential confounders [9, 10]. Associations of current BMI (i.e., BMI at the questionnaire cycle before
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diagnosis), BMI at age 18 years, and weight change since age 18 years, with sarcoidosis incidence were
evaluated using Cox proportional hazard models. All Cox models were stratified by age in months and
calendar year. A two-sided p<0.05 was considered statistically significant. All analyses were run using the
SAS V.9 software (SAS Institute, Cary, NC, USA).
The study population consisted of 116 312 women, without a history of sarcoidosis at baseline. At
baseline, participants were on average 34 years old; 96% were white, 14% were current smokers and 21%
were ex-smokers. The BMI at baseline was <20 kg·m−2 in 15% of the participants; 20 to 24.9 kg·m−2 in
54%; 25 to 29.9 kg·m−2 (overweight) in 19%; and ⩾30 kg·m−2 (obesity) in 12%.
During 2 457 150 person-years of follow-up, from 1989 to 2013, 270 incident cases were reported. Higher
current BMI was associated with increased risk of developing sarcoidosis during follow-up ( p-trend<0.001,
table 1). Similar results were observed in multivariable-adjusted models ( p-trend<0.001), with significant
associations in both overweight (hazard ratio (HR) 1.53, 95% CI 1.12–2.10) and obese (HR 1.74, 95% CI
1.26–2.40) women. Results were confirmed in a sensitivity analysis, in which sarcoidosis cases were
restricted to participants who specifically indicated that the diagnosis occurred within 2 years before the
questionnaire cycle during which they first reported sarcoidosis (n=174). Stronger associations were found
for the risk of sarcoidosis incidence in overweight (HR 1.75, 95% CI 1.18–2.59) and obese (1.94, 1.30–
2.91) women.
To rule out potential reverse causation (i.e., symptoms of sarcoidosis before diagnosis affecting weight), we
examined the association between BMI at age 18 years and sarcoidosis incidence during follow-up.
Although associations were attenuated compared to current BMI, a significant positive trend was observed
between BMI at age 18 years and sarcoidosis incidence ( p-trend=0.009, table 1). Higher weight gain since
age 18 years was also associated with increased risk of sarcoidosis incidence ( p-trend=0.02).

TABLE 1 Prospective association between body mass index (BMI) and sarcoidosis incidence in
women in the Nurses’ Health Study II [3]
Person-years
Current# BMI kg·m−2
<20
196 733
20–24.9 (ref.)
1 042 052
25–29.9
618 960
⩾30
526 901
p-value
BMI at 18 years of age kg·m−2
<20
959 879
20–24.9 (ref.)
1 226 325
25–29.9
188 343
⩾30
58 877
p-value
Weight change since 18 years of age¶ lb
<−5
132 685
−4.9–4.9 (ref)
229 372
5–14.9
403 705
15–24.9
401 392
25–34.9
324 565
35–44.9
246 729
45–54.9
182 979
⩾55
447 156
p-value

Cases n

Age-adjusted HR
(95% CI)

Multivariable-adjusted HR
(95% CI)

15
82
80
85

1.00 (0.58–1.74)
1
1.65 (1.21–2.26)
2.02 (1.49–2.75)
0.001

1.02 (0.59–1.78)
1
1.53 (1.12–2.10)
1.74 (1.26–2.40)
0.001

88
139
29
11

0.81 (0.62–1.06)
1
1.38 (0.92–2.06)
1.67 (0.90–3.08)
0.002

0.82 (0.63–1.07)
1
1.31 (0.87–1.95)
1.50 (0.80–2.79)
0.009

16
18
24
46
33
26
24
74

1.34 (0.68–2.66)
1
0.78 (0.42–1.44)
1.51 (0.87–2.61)
1.31 (0.73–2.33)
1.33 (0.72–2.43)
1.64 (0.88–3.04)
1.97 (1.16–3.33)
0.001

1.36 (0.69–2.71)
1
0.76 (0.41–1.40)
1.43 (0.83–2.48)
1.20 (0.67–2.14)
1.19 (0.65–2.19)
1.44 (0.77–2.68)
1.63 (0.96–2.79)
0.02

Multivariable models were adjusted for: age; race (white, black, other); smoking status (never-, ex- or
current smoker) and pack-years (continuous); US region (West, Midwest, South, Northeast); household
income (>$44 500 versus ⩽$44 500, evaluated in 2001); husband’s education (high school or less, college
graduate, graduate degree, evaluated in 1999); physical activity (<3, 3–8.9, 9–17.9, 18–26.9, 27–41.9, ⩾42
metabolic equivalents (METs) per week); and alcohol consumption (0, 0.01–5, 5.01–10, >10 g per day). HR:
hazard ratio. #: at the questionnaire cycle before time of diagnosis. ¶: analyses further adjusted for BMI at
18 years of age. Observations with missing values for smoking status or region (<0.5%) were excluded from
analyses (multivariable-adjusted models). For each other covariate with >0.5% missing values, including
current BMI (3.0%), BMI at 18 years of age (0.9%) or weight change since 18 years of age (3.6%), a
“missing” category was included in the model.
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In this large cohort of predominantly white U.S. women, increased risks of sarcoidosis were observed in
both overweight and obese participants. Consistent findings have been reported in a Danish register-based
study examining the association between pre-pregnancy BMI in women and the development of several
disorders, including sarcoidosis [10]. Similar results have also been reported in a population of black
women in the U.S. [9], but only for those with morbid obesity (BMI⩾35 kg·m−2).
Chronic systemic inflammation associated with adiposity is suspected to have a role in the development of
many disorders, including respiratory [8] and autoimmune diseases [10]. Adipokines produced in the
obese adipose tissue have broad immunomodulatory effects. In particular, they could induce a
proinflammatory process in the lungs [8, 9], which is involved in most sarcoidosis cases. Furthermore,
some investigators have suggested that the exaggerated inflammatory response to a causal antigen, leading
to the formation of granulomas in sarcoidosis might occur, or be enhanced, in an inflammatory
environment [13]. Our results are consistent with the hypothesis that adiposity-related inflammation could
contribute to the development of sarcoidosis.
In summary, this analysis of a large cohort of U.S. women followed-up over 24 years showed that higher
BMI and weight gain was prospectively associated with a higher risk of incident sarcoidosis. Given the
elevated prevalence of overweight and obesity in the U.S. and other developed countries, and limited
understanding of sarcoidosis aetiology, the potential impact of adiposity-related inflammation merits
further investigation.
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