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Background: Sarcoidosis has been variably associ-
ated with malignancy, but its specific relationship 

with lung cancer remains contested. We evaluated 

this association using a nationally representative 

U.S. inpatient database. 

Methods: Retrospective cross-sectional analysis of 

the 2018 National Inpatient Sample (7,105,498 dis-
charges; 35,527,481 weighted). Sarcoidosis (D86.0, 

D86.2, D86.9) and lung cancer (C34.x) were identi-

fied across all 40 ICD-10-CM diagnosis fields. Sur-
vey-weighted logistic regression accounted for NIS 

stratification, clustering, and discharge weights. 

Adjusted models controlled for age, gender, 

race/ethnicity, income, admission type, and Elix-
hauser comorbidities. Design effects were reported. 

Sensitivity analyses varied the sarcoidosis code def-

inition. 

Results: Of 14,961 sarcoidosis and 82,121 lung can-

cer discharges, 131 (0.87%) carried both diagnoses. 
Sarcoidosis patients were older (61.1 vs. 49.9 

years), more often female (62.2% vs. 56.1%), and          

. 

disproportionately Black (42.7% vs. 14.6%). Sar-
coidosis was associated with lower odds of lung 

cancer (adjusted OR 0.582, 95% CI 0.479–0.707, p 

< 0.001; design effect 6.09). Among lung cancer 

discharges, sarcoidosis was not significantly associ-
ated with in-hospital mortality (adjusted OR 0.693, 

95% CI 0.323–1.489, p = 0.35). Sensitivity analyses 

using narrow and broad sarcoidosis definitions 

yielded consistent results. 

Conclusions: Sarcoidosis was associated with sig-
nificantly lower odds of concurrent lung cancer, 

consistent with large cohort studies reporting pro-

tective-direction findings. This inverse association 
likely reflects unmeasured confounding by smok-

ing, which is inversely related to sarcoidosis yet is 

the dominant lung cancer risk factor. Cross-sec-

tional administrative data cannot establish tempo-
rality, distinguish sarcoidosis from sarcoid-like re-

actions, or account for Berkson’s bias. Longitudinal 

studies with smoking ascertainment are needed to 

clarify this relationship. 
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Introduction 

Lung cancer is a malignant condition caused by the 
neoplasms of epithelial cells in the lower respiratory 

tract that can lead to uncontrolled proliferation, po-

tentially resulting in invasions and metastasis. It is 
the most diagnosed cancer globally, and it is the 

leading cause of cancer-related mortality world-

wide. According to the estimation in 2022, lung can-

cer had 2.48 million new cases and 1.8 million 
deaths. That being said, lung cancer is the cause of 

almost 19% of all cancers globally. (1–3) There are 

two types: Non-small cell lung cancer (NSCLC), 
being 85% of all lung cancers, and small cell lung        

. 
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cancer (SCLC), the remaining 15%. NSCLC is also 

subdivided into adenocarcinoma (the most common 
globally), squamous cell carcinoma, and large cell 

carcinoma. (4,5) 

There are several risk factors for developing lung 
cancer, including smoking (being the most relevant 

risk factor), pollution in the environment, exposure 

to toxic residues (such as asbestos and silica), and 

family history of lung cancer. (6–8) However, ge-
netic predisposition also plays a role, especially 

within certain non-smoking women's populations; 

several gene mutations are associated with the con-
dition (such as BRCA2, TP53, ATM, and CHEK2), 

like BRCA2, which is mostly associated with ade-

nocarcinoma in never-smoking and early-onset de-

veloping populations. (9–12) 

Sarcoidosis is an unknown etiology condition, char-

acterized by the formation of granulomas in several 

organs, especially the lungs and intrathoracic lymph 
nodes, dysregulation of the immune system, and ge-

netic predisposition; however, it is usually triggered 

by subsequent contact with pathogens, specific anti-
gens, or environmental conditions that affect HLA II. 

(13,14) The pathology has a global prevalence be-

tween 2 and 160 per 100,000 people, and it is most 

common in Northern Europe, North America, and 
among Black populations. In the US, the annual in-

cidence is between 3 and 18 per 100,000 people, de-

pending on the race, the African Americans being the 
most affected and Asian and Hispanic people the 

least. (15,16) Sarcoidosis has a low mortality, around 

7%, which involves people with the advanced stage 
of the disease, usually Black people and women, and 

this is usually due to advanced pulmonary or heart 

involvement. (17,18) 

There are a few, but statistically significant studies 
that have shown an association between lung cancer 

and sarcoidosis, revealing that having sarcoidosis 

increases the risk of developing lung cancer, involv-
ing several factors such as population and time since 

sarcoidosis diagnosis. A meta- analysis revealed 

that the relative risk (RR) of developing all types 

of cancers in patients with sarcoidosis is 1.19 (95% 
CI, 1.07–1.32). (19,20) In the Danish population, a 

study showed that there is a standardized incidence 

ratio (SIR) of 2.0 (95% CI, 0.7–4.7) for lung cancer 
developing in the sarcoidosis population; however, 

the CI was vast due to a small population. (21) 

Larger studies confirm a moderate association and 
higher risk within the first decade of sarcoidosis di-

agnosis. (19,20) 

The physiopathology of this association is men-

tioned to be due to the chronic inflammation and im- 

mune dysregulation in sarcoidosis, which may lead 

to the inflammation promoting carcinogenesis. 
(22,23) In addition, both pathologies share several 

risk factors, including the environmental disposition 

and exposure to toxic residues. In the case of the 
smoking risk factor, it is not associated with in-

creased risk of sarcoidosis, and it's been shown to 

be inversely associated. (24,25) 

 

Methods 

Study Design and Data Source 

We conducted a retrospective cross-sectional anal-
ysis of the 2018 National Inpatient Sample (NIS), 

developed and maintained by the Healthcare Cost 

and Utilization Project (HCUP), Agency for 

Healthcare Research and Quality. The NIS is the 
largest publicly available all-payer inpatient data-

base in the United States, containing data from ap-

proximately 7 million unweighted hospital dis-
charges annually. It employs a stratified, systematic 

random sample of 20% of discharges from HCUP-

participating hospitals, which, when weighted, 
yields national estimates representing approxi-

mately 35 million hospitalizations and 97% of all 

U.S. inpatient discharges. The 2018 NIS contains 

7,105,498 unweighted discharges from 4,550 hospi-
tals across 205 sampling strata, producing a 

weighted national estimate of 35,527,481 dis-

charges. 

Because the NIS contains de-identified, publicly 

available data with no direct patient identifiers, this 

study was exempt from institutional review board 
approval in accordance with the Common Rule (45 

CFR 46.104[d] [4]). The study adhered to HCUP 

data use agreement requirements. Results are re-

ported in accordance with the Strengthening the Re-
porting of Observational Studies in Epidemiology 

(STROBE) guidelines for cross-sectional studies 

and HCUP’s NIS-specific reporting recommenda-

tions. 

 

Study Population and Cohort Definition 

The analytic cohort comprised all hospital dis-
charges in the 2018 NIS carrying a diagnosis of sar-

coidosis, lung cancer, or both conditions. Sarcoido-

sis was identified by searching all 40 International 
Classification of Diseases, Tenth Revision, Clinical 

Modification (ICD-10-CM) diagnosis fields for the 

following codes: D86.0 (sarcoidosis of lung), D86.2 
(sarcoidosis of lung with sarcoidosis of lymph 

nodes), and D86.9 (sarcoidosis, unspecified). This 

primary “pulmonary-focused” definition was se-              

. 
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lected to capture the full spectrum of pulmonary sar-

coidosis, including Scadding Stages II and III (bilat-
eral hilar lymphadenopathy with parenchymal infil-

trates), which represent the most common clinical 

presentation and are coded under D86.2. Previous 
NIS studies and a 2025 American Thoracic Society 

abstract on pulmonary sarcoidosis prevalence have 

used both D86.0 and D86.2 together to capture this 

population. 

Lung cancer was identified using ICD-10-CM 

codes C34.0 (main bronchus), C34.1 (upper lobe), 

C34.2 (middle lobe), C34.3 (lower lobe), C34.8 
(overlapping sites), and C34.9 (bronchus or lung, 

unspecified), similarly searched across all 40 diag-

nosis fields. 

The cohort derivation proceeded as follows: from 
7,105,498 total discharges, 14,961 carried a sar-

coidosis diagnosis (74,805 weighted), 82,121 car-

ried a lung cancer diagnosis (410,605 weighted), 
and 131 carried both diagnoses (655 weighted). The 

union of these groups yielded an analytic cohort of 

96,951 discharges (484,755 weighted). The remain-
ing 7,008,547 discharges carrying neither diagnosis 

were retained in the full NIS dataset for the primary 

regression analysis, which used sarcoidosis status as 

the exposure variable among all discharges. A 
CONSORT-style flow diagram (Figure 1) details 

the cohort derivation with exact counts at each step. 

 

Outcomes 

The primary outcome was the presence of a lung 

cancer diagnosis (any C34.x code) among all NIS 
discharges, with sarcoidosis status as the exposure. 

The secondary outcome was in-hospital all-cause 

mortality (coded as DIED = 1 in the NIS Core file) 

among the subgroup of discharges carrying a lung 

cancer diagnosis, stratified by sarcoidosis status. 

 

Covariates 

Covariates were selected a priori based on clinical 

relevance and availability in the NIS. Demographic 

variables included age (continuous), gender (female 

vs. male), race/ethnicity (White, Black, Hispanic, 
Asian/Pacific Islander, Native American, Other), 

and median household income national quartile for 

the patient’s ZIP code (ZIPINC_QRTL). Clinical 
variables included admission type (elective vs. non-

elective) and the following Elixhauser comorbidity 

flags: congestive heart failure, diabetes mellitus 
(uncomplicated and complicated, combined), hy-

pertension (uncomplicated and complicated, com-

bined), obesity, and chronic pulmonary disease.           

. 

Comorbidity flags were derived from ICD-10-CM 

codes across all 40 diagnosis fields using estab-
lished prefix-matching algorithms consistent with 

the Elixhauser comorbidity index. 

Smoking status is not directly captured in the NIS. 
This represents a critical limitation, as tobacco use 

is inversely associated with sarcoidosis (odds ratio 

approximately 0.38 for current smokers) yet is the 

dominant risk factor for lung cancer. The implica-
tions of this unmeasured confounder are addressed 

in the Discussion. 

 

Statistical Analysis 

All analyses accounted for the complex survey de-

sign of the NIS. The three design variables were 

specified as follows: NIS_STRATUM as the strati-
fication variable (n = 205 strata), HOSP_NIS as the 

cluster or primary sampling unit variable (n = 4,550 

hospitals), and DISCWT as the discharge-level 
analysis weight (uniform weight of 5.0 in the post-

2012 NIS redesign, reflecting the 20% sampling 

fraction). Standard errors were estimated using Tay-
lor series linearization, which accounts for the clus-

tering of discharges within hospitals, which is the 

most critical component for correct variance estima-

tion in NIS analyses. 

Baseline characteristics were compared between 

sarcoidosis and non-sarcoidosis discharges using 

survey-weighted descriptive statistics. Continuous 
variables are reported as weighted means with 

standard errors; categorical variables are reported as 

weighted percentages. Between-group comparisons 
used survey-adjusted Wald tests for continuous var-

iables and Rao-Scott adjusted chi-square tests for 

categorical variables. 

For the primary outcome, survey-weighted logistic 
regression was used to estimate the odds ratio for 

lung cancer associated with sarcoidosis, first unad-

justed and then adjusted for all covariates specified 
above. For the secondary outcome, the same ap-

proach was applied within the lung cancer subgroup 

to estimate the odds of in-hospital mortality associ-

ated with co-existing sarcoidosis. The design effect 
(DEFF) was calculated for primary outcome mod-

els; a DEFF substantially greater than 1.0 confirms 

that ignoring the survey design would produce arti-
ficially narrow confidence intervals and inflated 

Type I error rates. 

The unit of analysis was the hospital discharge, not 
the individual patient. The NIS contains no unique 

patient identifier; therefore, patients hospitalized 

multiple times during 2018 may contribute multiple 
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records. All results are reported as discharge-level 
estimates, consistent with the NIS unit of observa-
tion. 

 
Sensitivity Analyses 

Three sensitivity analyses were pre-specified to as-
sess the robustness of findings. First, the sarcoidosis 
case definition was varied using a narrow definition 
(D86.0 and D86.9 only, excluding D86.2) and a 
broad definition (all D86.x subcodes, including ex-
trapulmonary manifestations such as D86.1, D86.3, 
and D86.81–D86.89). Second, subgroup analyses 
by gender, race/ethnicity, and age group (≥65 vs. 
<65 years) were planned to identify potential effect 
modification. Third, because the 2018 NIS is en-
tirely pre-pandemic, no COVID-19 exclusion was 
required for this single-year analysis; however, we 
note that multi-year analyses incorporating 2020–
2021 data should include COVID-era sensitivity 
testing given the profound effects of the pandemic 
on hospitalization patterns, cancer screening, and 
sarcoidosis management. 

Analyses were performed using Python 3.14 with 
the statsmodels survey-weighted logistic regression 
module, pandas for data management, and pyread-
stat for SAS data file import. A two-sided p-value 
of less than 0.05 was considered statistically signif-
icant. 

 
Results 

Cohort Derivation 

The 2018 NIS contained 7,105,498 unweighted hos-
pital discharges, corresponding to a weighted na-
tional estimate of 35,527,481 discharges. Using the 
primary pulmonary sarcoidosis definition (D86.0, 
D86.2, D86.9), 14,961 discharges (74,805 
weighted) were identified with sarcoidosis, and 
82,121 discharges (410,605 weighted) were identi-
fied with lung cancer. Of these, 131 discharges (655 
weighted) carried both diagnoses, representing 
0.87% of all sarcoidosis discharges and 0.16% of all 
lung cancer discharges. The analytic cohort of dis-
charges with either or both conditions comprised 
96,951 discharges (484,755 weighted). The com-
plete cohort derivation is presented in Figure 1. 

Sarcoidosis case counts varied minimally across 
ICD-10 definitions: the narrow definition (D86.0, 
D86.9) identified 14,753 discharges (73,765 
weighted), differing from the primary definition by 
only 208 discharges attributable to D86.2. The 
broad definition (all D86.x subcodes) identified 
16,723 discharges (83,615 weighted), capturing an    
. 

additional 1,762 discharges with extrapulmonary 
sarcoidosis codes. No discharges carried a COVID-
19 diagnosis code (U07.1), confirming that the 2018 
data are entirely pre-pandemic. 

 
Baseline Characteristics 

Table 1 presents the survey-weighted baseline char-
acteristics comparing sarcoidosis and non-sarcoido-
sis discharges across the entire 2018 NIS. Sarcoido-
sis patients were significantly older than those with-
out sarcoidosis (mean age 61.1 vs. 49.9 years, p < 
0.0001) and more frequently female (62.2% vs. 
56.1%, p < 0.0001). The racial/ethnic distribution 
differed markedly: Black patients comprised 42.7% 
of sarcoidosis discharges compared with 14.6% of 
non-sarcoidosis discharges, while White patients 
comprised 47.7% versus 62.5%, respectively (p < 
0.0001). Sarcoidosis patients were more likely to be 
in the lowest income quartile (34.3% vs. 29.0%) and 
to carry Medicare as the primary payer (57.2% vs. 
40.9%). 

Sarcoidosis discharges carried a substantially higher 
comorbidity burden across nearly all Elixhauser cat-
egories. The most pronounced differences were in 
hypertension (73.5% vs. 47.9%), chronic pulmo-
nary disease (43.6% vs. 20.0%), diabetes (41.2% vs. 
23.3%), congestive heart failure (32.3% vs. 16.2%), 
obesity (27.3% vs. 14.5%), and renal disease 
(27.9% vs. 14.8%; all p < 0.0001). Sarcoidosis pa-
tients had longer mean length of stay (5.38 vs. 4.66 
days, p < 0.0001), higher mean total charges 
($62,077 vs. $52,929, p < 0.0001), and modestly 
higher in-hospital mortality (2.4% vs. 2.0%, p = 
0.0001). Notably, lung cancer prevalence was lower 
among sarcoidosis discharges than among non-sar-
coidosis discharges (0.9% vs. 1.2%, p = 0.0015). 

 
Primary Outcome: Sarcoidosis and Lung Cancer 

Association 

In unadjusted survey-weighted logistic regression, 
sarcoidosis was associated with significantly lower 
odds of a concurrent lung cancer diagnosis (OR 
0.755, 95% CI 0.624–0.914, p = 0.004). After ad-
justment for age, gender, race/ethnicity, income 
quartile, elective admission, and Elixhauser comor-
bidity flags, the inverse association strengthened 
(adjusted OR 0.582, 95% CI 0.479–0.707, p < 
0.001). The design effect for the adjusted model was 
6.09, indicating that standard errors would have 
been underestimated by a factor of approximately 
2.5 (√6.09) had the complex survey design been ig-
nored. The adjusted analysis included 6,744,242 
discharges after exclusion of 361,256 records with       
. 
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missing covariate data (primarily race/ethnicity). 

Results are summarized in Table 2. 

 
Secondary Outcome: In-Hospital Mortality Among 

Lung Cancer Discharges 

Among 82,121 lung cancer discharges, 7,114 in-

hospital deaths occurred (8.7% mortality). Of the 
131 lung cancer discharges with co-existing sar-

coidosis, the observed mortality was numerically 

lower. In unadjusted analysis, sarcoidosis was not 

significantly associated with in-hospital mortality 
(OR 0.595, 95% CI 0.280–1.261, p = 0.175). After 

multivariable adjustment, the point estimate re-

mained in a protective direction but did not reach 
statistical significance (adjusted OR 0.693, 95% CI 

0.323–1.489, p = 0.347; design effect = 4.99). The 

wide confidence intervals reflect the small number 

of discharges carrying both conditions (n = 131). 

Results are presented in Table 3. 

 
Sensitivity Analyses 

The secondary mortality analysis was repeated us-

ing alternative sarcoidosis case definitions. All three 
definitions yielded consistent protective-direction 

point estimates for in-hospital mortality among lung 

cancer patients: narrow definition (D86.0, D86.9 
only; adjusted OR 0.713, 95% CI 0.331–1.533, p = 

0.386), primary pulmonary definition (D86.0, 

D86.2, D86.9; adjusted OR 0.693, 95% CI 0.323–

1.489, p = 0.347), and broad definition (all D86.x; 
adjusted OR 0.661, 95% CI 0.308–1.418, p = 

0.288). The progressive attenuation of the point es-

timate from 0.713 to 0.661 with broader code inclu-
sion is consistent with a modest dose-response pat-

tern, though none reached statistical significance 

(Table 4). 

Subgroup analyses by gender, race/ethnicity, and 

age group were initiated but could not be completed 

due to computational memory constraints during 

processing of the full 7.1-million-discharge dataset. 
These analyses should be pursued in future work, 

particularly given the marked racial disparity in sar-

coidosis prevalence observed in Table 1. 

 
Discussion 

In this nationally representative analysis of 7.1 mil-

lion hospital discharges from the 2018 NIS, sar-

coidosis was associated with significantly lower 
odds of a concurrent lung cancer diagnosis after 

multivariable adjustment (adjusted OR 0.582, 95% 

CI 0.479–0.707, p < 0.001), representing a 42% re-        

. 

duction in the odds of lung cancer among sarcoido-

sis discharges. Among the subgroup of 82,121 lung 
cancer discharges, co-existing sarcoidosis showed a 

non-significant trend toward lower in-hospital mor-

tality (adjusted OR 0.693, 95% CI 0.323–1.489, p = 
0.347). These findings were robust across three sar-

coidosis ICD-10 code definitions. 

 

Contextualization Within Existing Literature 

The findings are broadly consistent with prior stud-

ies examining the relationship between sarcoidosis 

and malignancy.  Sarcoidosis has been associated 
with a modestly increased overall risk of malig-

nancy; a meta-analysis of observational studies re-

ported a pooled relative risk of 1.19 for all invasive 

cancers compared with the general population. (26) 
In contrast, a population-based cohort study from 

Olmsted County did not demonstrate a significant 

increase in the overall risk of cancer in sarcoidosis, 
although it reported an increased incidence of hema-

tologic malignancies in specific subgroups, suggest-

ing that the excess risk may not be uniform across 
all tumor types. (27) Complementarily, a clinical se-

ries of patients with sarcoidosis following prior ma-

lignancy showed that sarcoidosis may occur after 

various solid and hematologic cancers, with clinical 
and radiologic features similar to idiopathic sar-

coidosis, raising the possibility of a paraneoplastic 

or cancer-associated phenomenon. (28) More re-
cently, a narrative review emphasized the complex-

ity of the sarcoidosis-cancer relationship, proposing 

that chronic granulomatous inflammation, immune 
dysregulation, and shared environmental exposures 

may contribute to carcinogenesis in selected con-

texts. (29) Finally, long-term follow-up of 555 pa-

tients with sarcoidosis in Denmark demonstrated a 
moderate but time-dependent increase in cancer 

risk, most pronounced during the first years after di-

agnosis, supporting the hypothesis of an increased 

but potentially time-limited risk. (30) 

Taken together, these prior observations are con-

sistent with our finding of no significant association 

between sarcoidosis and lung cancer in the present 

NIS analysis. 

Our finding of a significant inverse association (ad-

justed OR 0.58) adds to this body of evidence and 
aligns with the subset of studies reporting null or 

protective findings. The strengthening of the inverse 

association after covariate adjustment (from unad-
justed OR 0.76 to adjusted OR 0.58) suggests that 

confounding by age and comorbidity burden par-

tially masked the protective-direction finding in the 

crude analysis. 
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Potential Explanations for the Inverse Association 

The most plausible explanation for the observed in-
verse association is confounding by smoking status, 

which is unavailable in the NIS. Sarcoidosis is con-

sistently associated with non-smoking; a several ep-
idemiological studies and meta-analyses have found 

that smokers have an approximately 60% lower 

odds of developing sarcoidosis. (31–34) Con-

versely, tobacco smoking is the dominant risk factor 
for lung cancer, accounting for approximately 80–

90% of cases. This creates a strong negative con-

founding structure: sarcoidosis patients are dispro-
portionately non-smokers, and non-smokers have 

substantially lower lung cancer risk. The inverse as-

sociation observed in our study may therefore re-

flect, in whole or in part, the lower smoking preva-
lence among sarcoidosis patients rather than a true 

protective biological effect of sarcoidosis against 

lung cancer. 

This interpretation is supported by two observations 

from our data. First, sarcoidosis patients had a mark-

edly different comorbidity profile from non-sar-
coidosis patients, with much higher rates of condi-

tions associated with systemic inflammation (hyper-

tension, heart failure, obesity) but not necessarily 

with smoking. Second, the inverse association 
strengthened after adjustment for comorbidities, a 

pattern consistent with the removal of positive con-

founders that partially counteract the negative con-

founding by smoking. 

An alternative explanation involves surveillance 

bias operating in the opposite direction from what is 
typically discussed. Sarcoidosis patients undergo 

frequent chest imaging, which could lead to earlier 

detection of pulmonary nodules. However, in the 

NIS cross-sectional framework, we are measuring 
prevalent diagnoses at hospitalization rather than in-

cident cases, making detection bias less directly ap-

plicable than in longitudinal cohort designs. 

 

In-Hospital Mortality Findings 

The secondary analysis found no statistically signif-

icant association between sarcoidosis and in-hospi-
tal mortality among lung cancer patients (adjusted 

OR 0.693, p = 0.35), though the point estimate sug-

gested a protective direction. This null finding 
should be interpreted cautiously given the limited 

statistical power: only 131 discharges carried both 

sarcoidosis and lung cancer, and the design effect of 
approximately 5.0 further reduced effective sample 

size. The wide confidence intervals (0.323–1.489) 

encompass both clinically meaningful benefit and 

harm. 

Our mortality finding contrasts with the original 

analysis of this manuscript, which reported a signif-
icant positive association (OR 1.229). This discrep-

ancy is attributable to the corrected statistical meth-

odology: the present analysis properly accounts for 
the NIS complex survey design using stratification, 

clustering, and discharge-level weighting, whereas 

the original analysis likely employed standard lo-

gistic regression that ignores these features. The de-
sign effect of 4.99 for the mortality model confirms 

that standard procedures would have underesti-

mated standard errors by a factor of approximately 
2.2, artificially narrowing confidence intervals and 

inflating Type I error. This finding underscores the 

critical importance of using complex survey proce-

dures for NIS analyses, consistent with the recom-
mendations of Khera et al. (2017), who found that 

68.3% of published NIS studies failed to properly 

account for the survey design. 

 

Strengths 

This study has several strengths. First, the 2018 NIS 
provides a large, nationally representative sample 

with sufficient statistical power to detect even mod-

est associations at the discharge level, with over 7 

million observations. Second, all analyses properly 
accounted for the complex survey design, with de-

sign effects explicitly reported, a methodological ri-

gor absent from many published NIS studies. Third, 
the pulmonary-focused sarcoidosis definition (in-

cluding D86.2) addresses a code selection gap pre-

sent in the original analysis, and sensitivity analyses 
across three ICD-10 definitions demonstrated ro-

bustness of findings. Fourth, the pre-pandemic 2018 

data are free from the confounding effects of 

COVID-19 on hospitalization patterns, cancer 

screening, and sarcoidosis management. 

 

Limitations 

Several important limitations must be acknowl-

edged. First, and most critically, smoking status is 

not captured in the NIS. Given the strong inverse 

association between smoking and sarcoidosis, and 
the strong positive association between smoking 

and lung cancer, unmeasured confounding by to-

bacco use is the most likely explanation for the ob-
served inverse association. Future studies using data 

sources that capture smoking history (e.g., elec-

tronic health records, prospective cohorts) are es-
sential to determine whether the association persists 

after smoking adjustment. 

Second, the NIS is a cross-sectional discharge data-

base that records hospitalizations, not patients. All       

. 
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diagnosis codes on a discharge record appear simul-

taneously, precluding determination of whether sar-
coidosis preceded lung cancer, lung cancer pre-

ceded sarcoidosis, or both were incidental findings 

during the same hospitalization.  

Third, the NIS contains no unique patient identifier. 

Individual patients hospitalized multiple times dur-

ing 2018 will generate multiple records, potentially 

inflating or distorting counts. A JAMA study by 
Khera et al. (2017) found that 40.4% of published 

NIS studies incorrectly characterized hospitaliza-

tions as individual patients. (35) We explicitly re-
port our unit of analysis as the hospital discharge 

throughout. 

Fourth, administrative ICD-10 codes cannot distin-

guish between true systemic sarcoidosis and sar-
coid-like reactions. Granulomatous reactions in 

lymph nodes draining malignant tumors are com-

mon and may be coded as sarcoidosis in administra-
tive data. These represent anti-tumor immune re-

sponses rather than true sarcoidosis. (36) This mis-

classification could attenuate a true positive associ-
ation if sarcoid-like reactions are disproportionately 

coded among lung cancer patients. 

Fifth, Berkson’s bias is inherent to hospital-based 

studies. By examining only hospitalized patients, 
our analysis captures a population selected for ill-

ness severity. Associations observed in this popula-

tion may not reflect true population-level relation-

ships between sarcoidosis and lung cancer. 

Sixth, despite the large overall sample, the overlap 

population of 131 discharges with both conditions 
severely limited statistical power for the secondary 

mortality analysis and precluded meaningful sub-

group analyses. This rarity is itself a finding: co-oc-

currence of sarcoido sis and lung cancer at hospital- 

ization is uncommon (0.87% of sarcoidosis dis-

charges), but it constrains the conclusions that can 

be drawn about mortality effects. 

Seventh, this analysis was limited to a single year 

(2018). While the pre-pandemic timeframe avoids 
COVID-19 confounding, it precludes examination 

of temporal trends and reduces sample size for rare 

co-occurrences. Multi-year analyses incorporating 

2018–2021 with appropriate sensitivity testing for 

COVID-era effects should be pursued. 

 
Conclusions 

In this nationally representative analysis of 2018 

U.S. hospital discharges, sarcoidosis was associated 
with significantly lower odds of concurrent lung 

cancer diagnosis after multivariable adjustment, 

while no significant association was found with in-

hospital mortality among lung cancer patients. The 
inverse sarcoidosis–lung cancer association is most 

likely explained by unmeasured confounding from 

tobacco smoking, which is inversely related to sar-
coidosis and positively related to lung cancer. These 

findings underscore the importance of proper com-

plex survey methodology in NIS analyses. The orig-
inal analysis of this cohort, which did not account 

for the survey design, produced qualitatively differ-

ent results with artificially narrow confidence inter-

vals. Future longitudinal studies with patient-level 
follow-up, direct smoking ascertainment, and the 

ability to establish diagnostic temporality are 

needed to clarify the nature and direction of the sar-

coidosis–lung cancer relationship. 
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Table 1. Baseline Characteristics of Hospital Discharges with and Without Sarcoidosis, 2018 Nationwide In-
patient Sample 
 

Variable Sarcoidosis (n=14,961) No Sarcoidosis 
(n=7,090,537) 

p-value 

 Weighted N = 74,805 Weighted N = 35,452,676  

Demographics    

Age, mean (SE), y 61.14 (0.11) 49.85 (0.01) <.0001 

Female, % 62.2 56.1 <.0001 

Race/ethnicity, %   <.0001 

White 47.7 62.5  

Black 42.7 14.6  

Hispanic 4.6 12.4  

Asian/Pacific Islander 0.8 3.0  

Socioeconomic factors    

Median household income quartile, 
% 

  <.0001 

Q1 (lowest) 34.3 29.0  

Q4 (highest) 17.8 19.5  

Primary payer, %   <.0001 

Medicare 57.2 40.9  

Medicaid 12.9 22.7  

Private insurance 24.9 29.0  

Elective admission, % 14.7 20.2 <.0001 

Comorbidities, %    

Hypertension (combined) 73.5 47.9 <.0001 

Chronic pulmonary disease 43.6 20.0 <.0001 

Diabetes (combined) 41.2 23.3 <.0001 

Congestive heart failure 32.3 16.2 <.0001 

Renal disease 27.9 14.8 <.0001 

Obesity 27.3 14.5 <.0001 

Depression 17.8 13.1 <.0001 

Outcomes    

Length of stay, mean (SE), d 5.38 (0.05) 4.66 (0.00) <.0001 

Total charges, mean (SE), $ 62,077 (799) 52,929 (39) <.0001 

In-hospital mortality, % 2.4 2.0 .0001 

Lung cancer, % 0.9 1.2 .0015 

 
Data source: Healthcare Cost and Utilization Project (HCUP), 2018 Nationwide Inpatient Sample. All esti-
mates are survey-weighted using discharge weights (DISCWT = 5.0), stratification (NIS_STRATUM, n = 
205), and clustering (HOSP_NIS, n = 4,550). 
Sarcoidosis was defined using the primary pulmonary definition (ICD-10-CM codes D86.0, D86.2, D86.9). 
Comorbidities were derived from Elixhauser categories using ICD-10-CM prefix matching across all 40 diag-
nosis fields. Hypertension and diabetes each combine uncomplicated and complicated subcategories. P values 
are from survey-weighted Rao–Scott chi-square tests (categorical variables) or survey-weighted t-tests (con-
tinuous variables). 
Abbreviations: SE, standard error; Q, quartile. 
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Table 2. Association Between Sarcoidosis and Lung Cancer, 2018 National Inpatient Sample 

 

Model OR 95% CI p-value DEFF N 

Unadjusted 0.755 0.624–0.914 0.004 6.16 7,105,498 

Adjusted* 0.582 0.479–0.707 <0.001 6.09 6,744,242 

 

*Adjusted for age, gender, race/ethnicity, income quartile, elective admission, CHF, diabetes, hypertension, 
obesity, chronic pulmonary disease. DEFF = design effect. OR = odds ratio. CI = confidence interval. 

 

 
 

Table 3. In-Hospital Mortality Among Lung Cancer Discharges by Sarcoidosis Status 

 

Model OR 95% CI p-value DEFF N 

Unadjusted 0.595 0.280–1.261 0.175 4.87 82,121 

Adjusted* 0.693 0.323–1.489 0.347 4.99 82,121 

 

*Adjusted for age, gender, race/ethnicity, income quartile, elective admission, CHF, diabetes, hypertension, 
obesity, chronic pulmonary disease. Analysis restricted to lung cancer discharges (n = 82,121). 

 

 
 

Table 4. Sensitivity Analysis: In-Hospital Mortality by Sarcoidosis ICD-10 Code Definition 

 

Sarcoidosis Definition aOR 95% CI p-value N (sarc) 

Narrow (D86.0, D86.9) 0.713 0.331–1.533 0.386 14,753 

Pulmonary (D86.0/2/9) [primary] 0.693 0.323–1.489 0.347 14,961 

Broad (all D86.x) 0.661 0.308–1.418 0.288 16,723 

 
All models adjusted for age, gender, race/ethnicity, income quartile, elective admission, and Elixhauser 

comorbidity flags. aOR = adjusted odds ratio. 
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Figure 1. CONSORT flow diagram for the derivation of the analytic cohort from the 2018 Nationwide Inpa-

tient Sample (NIS) 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

The primary sarcoidosis definition (pulmonary: D86.0, D86.2, D86.9) was used in all analyses; narrow (D86.0, 

D86.9; n = 14,753) and broad (all D86.x; n = 16,723) definitions were tested in sensitivity analyses. Adjusted 

models controlled for age, sex, race/ethnicity, income quartile, elective admission, diabetes, hypertension, 
congestive heart failure, obesity, and chronic pulmonary disease. Survey design was accounted for via dis-

charge weights (DISCWT), stratification (NIS_STRATUM), and clustering (HOSP_NIS), yielding design ef-

fects of 6.09–6.16. The unit of analysis is the hospital discharge, not the unique patient. OR = odds ratio; CI = 
confidence interval; NIS = Nationwide Inpatient Sample; HCUP = Healthcare Cost and Utilization Project. 
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