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Abstract
BACKGROUND
Sarcoidosis is a multisystem disorder with unknown etiology, and it predominantly affects the lungs and intrathoracic lymph nodes. For patients with atypical clinical manifestations, the diagnosis of sarcoidosis is difficult and specific biomarkers may play an important role in assisting diagnosis. Previous research has demonstrated a correlation between sarcoidosis and increased carbohydrate antigen 125 (CA125), but remains a lack of large cohort studies to validate this observation. 

AIM
To compare serum CA125 levels in sarcoidosis patients and healthy controls, and explore whether CA125 can be used as a biomarker for the diagnosis of sarcoidosis.

METHODS
In this study, the serum CA125 levels were measured by enzyme-linked immunosorbent assay in 108 consecutive sarcoidosis patients between June 2016 and December 2020 (31 males, 77 females; age at diagnosis 49.69 ± 9.10 years) and 112 healthy subjects. Data on the C-reactive protein, erythrocyte sedimentation rate, and angiotensin-converting enzyme were also collected. The association of serum CA125 levels with clinical, radiological, and respiratory functional characteristics was analyzed between patient groups with CA125 ≤ 35 U/mL or CA125 > 35 U/mL.

RESULTS
We found that serum CA125 levels were higher in sarcoidosis patients compared to healthy controls (median: 44.78 vs 19.11 U/mL, P < 0.001). The area under the receiver operator characteristic was 0.9833 (95%CI: 0.9717-0.9949), and the best cutoff point was 32.33 U/mL. The elevated serum CA125 was notably associated with the percentage of predicted forced vital capacity (FVC%) and neutrophil-to-lymphocyte ratio (P = 0.043 and P = 0.038, respectively) in sarcoidosis patients. Multivariate analysis revealed that FVC% was a statistically notable predictor of elevated serum CA125 (P = 0.029). Also, our research revealed that compared to patients with Stage I of radiology classification, patients with Stage II and III showed a higher concentration of serum CA125 (46.16 ± 8.32 vs 41.00 ± 6.04 U/mL, P = 0.005, and 47.92 ± 10.10 vs 41.00 ± 6.04 U/mL, P = 0.002, respectively). 

CONCLUSION
Serum CA125 was highly increased in sarcoidosis patients and showed high efficiency for noninvasive diagnosis of the disease. In addition, abnormally elevated serum CA125 was correlated with pulmonary function and radiological Scadding’s classification of sarcoidosis.
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Core Tip: This study revealed the overexpression of carbohydrate antigen 125 in sarcoidosis patients, and a close association between the expression level with the percentage of predicted of forced vital capacity measured in pulmonary function test and radiological Scadding’s classification of sarcoidosis. Carbohydrate antigen 125 may be a noninvasive diagnostic biomarker for sarcoidosis patients and may serve as a biomarker in the clinical prediction of sarcoidosis.


INTRODUCTION
Sarcoidosis is one of the most common interstitial lung diseases, characterized by non-caseating granulomas and involving almost every organ system in the body. The mechanism of granuloma formation consists of the activation of type 1 T helper cells, leading to the formation of sarcoid granulomas comprised of T cells, macrophages, and epithelioid and giant cells[1]. Most patients with sarcoidosis show a subacute or chronic course of the disease; the less frequent cases of acute onset include manifestations of bilateral hilar lymph node enlargement, arthritis, and nodular erythema, accompanied by fever and myalgia, also known as Löfgren’s syndrome[2]. Although imaging examination can assist physicians in the diagnosis of sarcoidosis, it is difficult to make a clear diagnosis for those patients with atypical clinical symptoms, and an invasive tissue biopsy will be required. Thus, it is critical to develop a useful non-invasive predictive biomarker for disease diagnosis, which would also be helpful for disease treatment and monitoring[3]. Few biomarkers have been proposed as associated with sarcoidosis, and the most well-known of these is serum angiotensin-converting enzyme (ACE). However, due to low sensitivity and specificity, no widely accepted biomarker has been proposed for sarcoidosis diagnosis or predicting disease course[4].
Carbohydrate antigen (CA) 125 is a high molecular weight transmembrane glycoprotein that cleaves from the cell membrane and secretes into serum as circulating CA125. CA125 can be detected on mesothelial cells of the coelomic epithelium, including the pleura, peritoneum and pericardium, and on epithelial cells of the fallopian tubes, endometrium and endocervix. It has been reported that CA125 expression is pronounced in areas of inflammation and adhesion[5]. Elevated serum CA125 has been found in both malignant and nonmalignant diseases, including serous ovarian carcinoma, endometrial carcinoma, adenocarcinoma of the lungs, lymphoma, tuberculosis, collagen vascular diseases, etc.[6-8]. The previous publications reported that elevated serum CA125 levels were correlated with sarcoidosis[9,10], suggesting its potential as a diagnostic biomarker for the disease. 

MATERIALS AND METHODS
Patients
We retrospectively screened 108 consecutive sarcoidosis patients who had been treated in the outpatient clinic of Peking Union Medical College Hospital between June 2016 and December 2020, and compared their levels of serum CA125 with those from a cohort of 112 healthy controls. The sarcoidosis diagnosis had been made by the pathology service following the American Thoracic Society/European Respiratory Society/World Association of Sarcoidosis and Other Granulomatous Disorders diagnostic criteria. Patients who had a history of sarcoidosis based on pathological, clinical, and laboratory abnormalities, and without another identified cause of granulomatous disease, were included in the cohort. Exclusion criteria included coexistent diagnosis of cancer, tuberculosis, or any other rheumatologic diseases, or missing clinical data.  

Follow-up and definition of recurrence
Patients were followed up every 3-6 mo. The final follow-up point was June 2021. Follow-up information was obtained from outpatient follow-up records or telephone interviews. Classification of the sarcoidosis prognosis was based on the duration of the clinical disease course, as follows: (1) Asymptomatic or having acute symptoms with spontaneous resolution; and (2) Relapse or progressive course[11]. Clinical relapse of sarcoidosis was determined by the return of clinical manifestations severe enough to warrant treatment after withdrawal of an effective therapy[12]. We also recruited a cohort of healthy controls (n = 112) with no significant medical background.

Data collection
Clinical and demographic characteristics were gathered from hospital medical records and physician questionnaires. Blood samples of the included sarcoidosis patients and healthy controls were obtained. Meanwhile, data from pulmonary function tests and high-resolution computed tomography (CT) scans were obtained. The stages of sarcoidosis were determined following the “Scadding” classification for sarcoidosis patients. C-reactive protein (commonly referred to as CRP), erythrocyte sedimentation rate (ESR), and ACE levels were also recorded. The high-resolution CT findings of sarcoidosis were independently reviewed by a single radiologist and a single respiratory physician, both blinded to the other’s interpretation. For study purposes, all patients were accessible to collect the information to identify individual participants during or after data collection.
Plasma samples from each patient were subjected to analysis of CA125 concentration via enzyme-linked immunosorbent assay, with 35 U/mL set as the cutoff value. Serum CA125 was measured by the Mlbioâ CA125 reagents assay (Shanghai Enzyme-linked Biotechnology Co. Ltd., Shanghai, China), which was based on the agglutination of antigen with a CA125 monoclonal antibody and absorbance detection. CA125 concentrations were expressed in U/mL.

Statistical analysis
Statistical analyses were performed using the SPSS statistical package software (version 26.0.0.0; IBM Corp., Armonk, NY, United States). Graphic representations of data were generated using GraphPad Prism (GraphPad Software Inc., San Diego, CA, United States). As the data had asymmetrical distribution and a non-parametrical test was used, variables were presented as median values and interquartile ranges. Categorical data were summarized using absolute values and percentages. Between-group comparisons were carried out by non-parametrical Mann-Whitney U test and one-way analysis of variance. Differences between proportions of categorical data were compared using Pearson’s χ2 test or Fisher’s exact test, where appropriate. Binary logistic regression analysis was performed to evaluate predictors that may affect elevated levels of CA125 in patients with sarcoidosis. Pearson’s or Spearman’s rank correlation coefficients were used to explore the relationship between CA125 levels and clinical parameters of sarcoidosis patients. P values of less than 0.05 were considered statistically significant.

RESULTS
CA125 could act as a good diagnostic biomarker for sarcoidosis
To evaluate the potential role of CA125 in sarcoidosis, we examined the expression of CA125 in the serum of 108 sarcoidosis patients and 112 healthy controls. As shown in Figure 1, the expression level of CA125 was notably upregulated in the serum of sarcoidosis patients (P < 0.001). Specifically, the median level was 44.78 U/mL in the sarcoidosis group compared to 19.11 U/mL in the healthy control group, suggesting that detection of serum CA125 may serve as a diagnostic test for sarcoidosis. Using the receiver operator characteristic, the optimal cutoff value to differentiate sarcoidosis from healthy controls was 32.33 U/mL, which yielded a specificity of 90.2% and sensitivity of 96.3%. The area under the curve was 0.9833 (95%CI: 0.9717-0.9949) (Figure 2).

CA125 expression was closely associated with clinical features of sarcoidosis
The demographic data, baseline pulmonary function test values, serum CA125 and ACE levels, and laboratory test findings of patients with sarcoidosis are reported in Table 1. Among the total 108 sarcoidosis patients, 31 were male and 77 were female, with a median age of 51.00 years (interquartile range: 44.00-55.75 years). In addition, 75 (69.44%) presented as asymptomatic or with acute symptoms and spontaneous resolution, and 33 (30.56%) relapsed or showed a progressive course. In addition, 92 (85.19%) showed an elevated serum level of CA125 (≤ 35 U/mL).
The observed upregulation of CA125 in the serum of sarcoidosis patients suggested that CA125 might be involved in the disease development. In particular, we analyzed the correlation between CA125 concentrations and clinical phenotypes using patient groups with CA125 levels of ≤ 35 U/mL (n = 16) or CA125 > 35 U/mL (n = 92). Univariate analysis revealed no remarkable differences between the two groups for sex, age, clinical presentation, radiological classification, natural history, treatment, and bronchoalveolar lavage fluid characteristics. The results showed the percentage of predicted of forced vital capacity (FVC% predicted) and neutrophil-to-lymphocyte ratio to be associated with elevated serum CA125 (P = 0.043 and P = 0.038, respectively). With the exceptions of pulmonary function test and peripheral blood counts, other variables assessed did not differ notably between the two groups (Table 1).
Erythema nodosum, natural history, FVC% predicted, and ESR were entered into the binary logistic regression analysis, and the results demonstrated FVC% predicted as a risk factor for elevated CA125 levels in sarcoidosis patients (P = 0.029) (Table 2).
Scadding’s classification for the total 108 patients led to 2 patients being classified as Stage 0, 35 as Stage I, 49 as Stage II, 22 as Stage III, and 0 as Stage IV. Statistically significant differences in CA125 were found between Stage II and Stage I (46.16 ± 8.32 vs 41.00 ± 6.04 U/mL, P = 0.005), also between Stage III and Stage I (47.92 ± 10.10 vs 41.00 ± 6.04 U/mL, P = 0.002) (Figure 3).
As shown in Supplementary Table 1, Spearman correlation analysis of the sarcoidosis patients revealed no correlation between CA125 vs CRP (r = -0.013, P = 0.897), CA125 vs ACE (r = -0.045, P = 0.642), nor CA125 vs ESR (r = 0.049, P = 0.614).

DISCUSSION
In this study, we found CA125 to be correlated with the clinical presentation of sarcoidosis, lung function (FVC% predicted), and the radiological Scadding’s classification. Our collective findings also supported the potential of CA125 as a diagnostic biomarker; specifically, the higher area under the curve value suggested that CA125 is a diagnostic indicator for sarcoidosis in particular. To the best of our knowledge, this study is the most extensive prognostic study of the correlation between CA125 and the clinical characteristics of sarcoidosis to be published to date.
In general, CA125 is the most commonly used tumor marker for detecting epithelial ovarian cancer. However, elevated CA125 is also seen in many other diseases besides cancers. A multicenter study demonstrated CA125 as a biomarker of epithelial injury in patients with idiopathic pulmonary fibrosis[13]. Also, many organs express CA125 in the non-pathologic condition, including the peritoneum, pericardium epithelia, pleura, and mature airway epithelial cells[14,15]. CA125 expressed on coelomic epithelium is an O-glycosylated protein of the mucin family and serves to protect the epithelial cells from particles and infectious agents in the mucous barrier[16]. Furthermore, it can occur in forms that are membrane-anchored or soluble, with the latter resulting from cleavage of the former[17]. 
Davies et al[18] used immunohistochemistry to determine the localization of CA125 in human tracheal tissue by LUM16-2 anti-serum, and they detected CA125 Localized around the cilia. It was also recently reported that interstitial lung disease patients have a remarkably higher level of serum CA125 compared to healthy controls, which suggests a specific correlation between interstitial lung disease and CA125[19,20]. Maher et al[13] showed that CA125 could be a potential theranostic marker of response to anti-fibrotic therapy in idiopathic pulmonary fibrosis patients, with the benefit of being a minimally invasive marker. Those authors also reported having detected CA125 in normal lungs exclusively in the apical aspect of the bronchial epithelium; however, in fibrotic lung tissue, they found CA125 to be overexpressed in the metaplasic epithelium of fibrotic lesions, and the production to be related to mucus secretion. 
Current serum biomarkers produced by inflammatory cells and involved in granuloma formation include serum ACE, serum amyloid A, chitotriosidase, serum soluble interleukin-2 receptor, and B-cell activating factor, among others[21-25]. ACE, as a most well-known serum biomarker of sarcoidosis, was identified as a diagnostic marker of active disease in 1975[21], and since then has been shown to be involved in the pathogenesis of sarcoidosis as an essential modulator of granulomatous formation[26]. However, the low sensitivity among sarcoidosis patients (roughly 22%-86%) has left the diagnostic value of serum ACE levels debatable[3]. The ideal biomarker for sarcoidosis has not yet been discovered. In our study, we found the best cutoff point of CA125 to be 32.33 U/mL, which yielded a sensitivity of 96.3% and a specificity of 90.2%. Our research showed the sensitivity of CA125 for diagnosing sarcoidosis is higher than the sensitivity of the conventional biomarker of ACE. 
According to these results, CA125 has high sensitivity and specificity for sarcoidosis and is a valuable parameter in the determination of disease diagnosis. Our results showed that high CA125 levels (> 32.33 U/mL) were predictive of diagnosing sarcoidosis. Although our study found that the threshold of CA125 Level with diagnostic value of sarcoidosis was 32.33 U/mL, due to the small sample size of this study, we still used the standard diagnostic cut-off value of CA125 (35 U/mL) to complete the further analysis. 
In our study of sarcoidosis patients, we found that the increase of CA125 was obvious in patients with Stages II and III Scadding’s classification; both stages showed sarcoidosis lung involvement. This could be related to the infiltration of pulmonary lesions in patients with Stage II and Stage III sarcoidosis, resulting in lung mesothelial lining cell injury. When CA125 enters the blood from the lung, an increased level of serum CA125 results. However, none of the patients included in this study were defined as stage IV of Scadding’s classification, which may be related to the lower incidence of sarcoidosis with pulmonary fibrosis features on chest imaging[27,28]. In the future, more patients with Scadding stage IV need to be further included to explore the differences in CA125 levels with patients with other stages.
Our results revealed inverse correlations between serum CA125 levels and FVC% predicted at the baseline time point. As noted previously, patients with FVC and diffusing capacity of the lung for carbon monoxide reduction have a higher risk of disability, loss of life due to pulmonary involvement, loss of quality of life, comorbidities, and loss of quality of life due to glucocorticoid treatment[29]. However, our results demonstrated that no significant differences were found between the elevated serum CA125 levels and active or chronic prognosis of sarcoidosis. 
Limited publications, including case reports and literature reviews, have focused on the association between pulmonary sarcoidosis and CA125 levels so far. Those previous studies have indicated that elevated levels of CA125 in sarcoidosis patients are related to pleural effusion, peritoneal involvement, liver, spleen, and pulmonary abnormalities, and pericardial effusion[10,30]. In particular, Kudaiberdiev et al[30] reported a case of cardiac sarcoidosis with severe pericardial effusion and increased CA125 levels; histological examination of the pericardial lymph node specimen validated the diagnosis. In addition, elevated serum CA125 has been reported in several peritoneal sarcoidosis cases, and other benign diseases and gynecologic and non-gynecologic carcinomas were excluded from the patients[31,32]. Nicolini et al[33] reported on a rare case of peritoneal sarcoidosis, in which the patient presented with average CA125 levels and pulmonary abnormalities. In our study population, we observed elevated serum CA125 levels in 9 cases of pleural effusion, 7 cases with cardiac involvement, 9 cases with liver involvement, and 81 cases with pulmonary sarcoidosis, which is consistent with the previously published research. However, the relationship between the serum CA125 levels and the various affected organs in sarcoidosis patient needs more evidence.
The study we presented herein is the first analysis of the association between serum CA125 levels and disease characteristics in pulmonary sarcoidosis. The main limitations of the present study are its retrospective and monocentric nature, and the absence of a validation cohort. Second, the number of patients included in this study was relatively small, which limited our power to explore the statistical differences in different disease prognosis groups. However, this is the largest study ever conducted on CA125 in pulmonary sarcoidosis and the results clearly show its potential as a diagnostic biomarker correlating with several clinical and radiological parameters. Future prospective studies should be designed to focus on evaluating the role of CA125 in clinical decision-making in sarcoidosis patients.

CONCLUSION
In conclusion, this study aimed to identify a new noninvasive biomarker of sarcoidosis that could facilitate assisting disease diagnosis and treatment. Furthermore, a strong correlation was found between serum CA125 with the FVC% predicted in the pulmonary function test and radiological Scadding’s classification of sarcoidosis patients, which suggests that these may be useful biomarkers that may be employed in clinical management to avoid the aggravation of sarcoidosis.

ARTICLE HIGHLIGHTS
Research background
Sarcoidosis is a multisystem disorder with unknown etiology that predominantly affects the lungs and intrathoracic lymph nodes. At present, diagnostic biomarkers for sarcoidosis remain controversial. Carbohydrate antigen (CA) 125 is an O-glycosylated protein of the mucin family that serves a protective function in the mucus barrier on the surfaces of epithelial cells and has a potential role in the inflammatory pathogenesis of sarcoidosis.

Research motivation
CA125 is a tumor marker for many cancers; however, elevated CA125 is found in the sera of patients afflicted with many other diseases. The expression levels of CA125 and their clinical significance are still unknown for sarcoidosis patients.

Research objectives
The aim of this study was to assess the applicability of CA125 for sarcoidosis diagnosis and analyze the association between CA125 and clinical characteristics of sarcoidosis patients.

Research methods
In this study, serum CA125 Level was measured by an enzyme-linked immunosorbent assay in 108 consecutive sarcoidosis patients treated between June 2016 to December 2020 (31 males, 77 females; age at diagnosis 49.69 ± 9.10 years) and compared with that in 112 healthy subjects. Data on C-reactive protein level, erythrocyte sedimentation rate, and angiotensin-converting enzyme level were also collected. The association of serum CA125 levels with clinical, radiological, and respiratory functional characteristics was analyzed between sarcoidosis patient groups with CA125 ≤ 35 U/mL or CA125 > 35 U/mL.

Research results
The authors found that serum CA125 levels were higher in sarcoidosis patients compared to healthy controls (median: 44.78 U/mL vs 19.11 U/mL, P < 0.001). The area under the receiver operator characteristic curve was 0.9833 (95%CI: 0.9717-0.9949), and the best cutoff point was 32.33 U/mL. The elevated serum CA125 was notably associated with FVC % predicted and neutrophil-to-lymphocyte ratio (P = 0.043 and P = 0.038, respectively) of the sarcoidosis patients. Multivariate analysis revealed that forced vital capacity % predicted was a statistically significant predictor of elevated serum CA125. Also, our research revealed that compared to patients with Stage I radiology classification, sarcoidosis patients with Stages II and III showed higher concentrations of serum CA125.

Research conclusions
Abnormally elevated serum CA125 is important in the noninvasive diagnosis of sarcoidosis and strongly associated with the clinical characteristics among sarcoidosis patients.

Research perspectives
Abnormally elevated serum CA125 Level may be a potentially useful biomarker for sarcoidosis diagnosis and has an association with disease characteristics.
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Figure 1 Carbohydrate antigen 125 levels. Sarcoidosis patients had notably higher levels of plasma carbohydrate antigen 125 (bP < 0.001) in comparison with healthy control subjects. The solid horizontal lines indicate the medians. The colored boxes indicate the interquartile ranges. The black T-lines indicate the ranges of measurements. CA125: Carbohydrate antigen 125.
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Figure 2 Receiver operating characteristic. The curve shows the specificity and sensitivity percentages of carbohydrate antigen 125 in patients and controls. The area under the curve is 0.9833 (95%CI: 0.9717-0.9949). With a cutoff value of 32.33 U/mL, specificity is 90.2% and sensitivity is 96.3%. Positive (sarcoidosis); Negative (control).
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Figure 3 Comparison of serum carbohydrate antigen 125 concentration in sarcoidosis patients with different radiology stages of Scadding’s classification. Data are expressed as mean ± SD. bP < 0.01; One-way analysis of variance. CA125: Carbohydrate antigen 125.

Table 1 Association between carbohydrate antigen 125 and clinical features in 108 sarcoidosis patients
	Characteristics
	Total patients 
	CA125 ≤ 35 U/mL
	CA125 > 35 U/mL
	C2/Z value
	P value

	Total, n
	
	108
	16
	92
	
	

	Age at diagnosis in yr
	51.00 (44.00, 55.75)
	53.50 (48.25, 56.50)
	50.00 (43.00, 55.75)
	-1.108
	0.268

	Sex
	1.000

	
	Male
	31 (28.7)
	5 (31.3)
	26 (28.3)
	
	

	
	Female
	77 (71.3)
	11 (68.8)
	66 (71.7)
	
	

	Clinical presentation

	
	Dyspnea
	76 (70.4)
	10 (62.5)
	66 (71.7)
	0.203
	0.652

	
	Cough
	58 (53.7)
	8 (50.0)
	50 (54.3)
	0.104
	0.748

	
	Erythema nodosum
	27 (25.0)
	7 (43.8)
	20 (21.7)
	2.446
	0.118

	
	Fever
	37 (34.3)
	6 (37.5)
	31 (33.7)
	0.088
	0.767

	
	Arthralgia/arthritis
	21 (19.4)
	4 (25.0)
	17 (18.5)
	0.071
	0.790

	
	Fatigue
	25 (23.1)
	6 (37.5)
	19 (20.7)
	1.331
	0.249

	Organ involvement

	
	Pulmonary
	96 (88.9)
	12 (75)
	59 (64.1)
	0.715
	0.398

	
	Extra thoracic lymph nodes
	30 (27.8)
	4 (25.0)
	26 (28.3)
	0.000
	1.000

	
	Ocular
	12 (11.1)
	2 (12.5)
	10 (10.9)
	0.000
	1.000

	
	Liver
	9 (8.3)
	1 (6.3)
	7 (7.6)
	0.000
	1.000

	
	Cardiac 
	8 (7.4)
	0 (0)
	9 (9.8)
	0.667
	0.414

	
	Pleural effusion
	11 (10.2)
	2 (12.5)
	9 (9.8)
	0.000
	1.000

	Scadding classification of chest radiography
	4.603
	0.171

	
	0
	2 (1.9)
	0 (0)
	2 (2.2)
	
	

	
	I
	35 (32.4)
	2 (12.5)
	33 (35.9)
	
	

	
	II
	51 (47.2)
	9 (56.3)
	42 (45.7)
	
	

	
	III
	20 (18.5)
	5 (31.3)
	15 (16.3)
	
	

	Natural history
	
	
	
	2.357
	0.125

	
	Asymptomatic or have acute symptoms with spontaneous resolution
	75 (69.4)
	8 (50)
	67 (72.8)
	
	

	
	Relapse or progressive course
	33 (30.6)
	8 (50)
	25 (27.2)
	
	

	Treatment
	2.760
	0.314

	
	Oral steroids
	34 (31.5)
	5 (31.3)
	29 (31.5)
	
	

	
	ICS
	43 (39.8)
	3 (18.8)
	23 (25)
	
	

	
	Oral steroids and methotrexate
	26 (24.1)
	6 (37.5)
	37 (40.2)
	
	

	
	Others
	5 (4.6)
	2 (12.5)
	3 (3.3)
	
	

	Pulmonary function tests % of predicted

	
	TLC
	86.45 (80.15, 93.70)
	85.70 (79.23, 95.38)
	86.50 (80.05, 93.55)
	-0.061
	0.952

	
	RV
	86.45 (80.05, 93.90)
	91.30 (71.50, 97.58)
	85.00 (63.00, 100.10)
	-0.208
	0.835

	
	FEV1
	85.40 (79.70, 98.33)
	85.85 (78.30, 92.08)
	85.40 (79.73, 98.60)
	-0.511
	0.610

	
	FVC
	78.25 (73.30, 86.60)
	84.05 (76.98, 89.83)
	77.80 (73.03, 84.48)
	-2.028
	0.043a

	
	FEV1/FVC
	78.91 (73.68, 85.13)
	78.44 (70.54, 95.28)
	78.91 (73.68, 85.12)
	-0.476
	0.634

	
	DLCO
	80.60 (73.58, 96.35)
	78.20 (71.30, 90.98)
	81.40 (74.10, 97.00)
	-0.697
	0.486

	Peripheral blood counts

	
	WBC ×109/L
	6.29 (5.35, 7.62)
	6.15 (5.52, 7.56)
	6.29 (5.16, 7.62)
	-0.203
	0.839

	
	NLR
	2.76 (2.15, 4.01)
	3.74 (2.76, 4.55)
	2.74 (2.03, 3.85)
	-2.076
	0.038a

	Serum chemistries

	
	ALT
	19.0 (15.0, 30.0)
	17.5 (15.0, 25.5)
	19.0 (15.0, 30.0)
	-0.628
	0.530

	
	AST
	23.00 (17.00, 32.00)
	22.50 (17.00, 36.25)
	23.00 (17.00, 28.75)
	-0.412
	0.680

	
	Cr
	65.00 (53.23, 76.00)
	66.00 (56.75, 81.50)
	65.00 (53.00, 75.00)
	-0.978
	0.328

	
	ESR
	8.00 (5.00, 17.00)
	6.50 (4.25, 11.50)
	9.00 (5.25, 17.75)
	-1.469
	0.142

	
	CRP
	1.28 (0.57, 4.60)
	1.58 (0.38, 2.60)
	1.28 (0.59, 4.98)
	-1.086
	0.277

	
	ACE
	27.50 (15.25, 39.00)
	25.50 (15.25, 37.25)
	28.00 (15.25, 47.25)
	-0.620 
	0.535

	BAL % cells

	
	BAL % macrophage
	76.0 (65.5, 88.5)
	76.0 (65.0, 89.0)
	77.5 (65.5, 88.5)
	-0.281
	0.778

	
	BAL % lymphocyte
	21.00 (8.00, 34.00)
	22.00 (7.25, 34.00)
	20.00 (8.00, 33.75)
	-0.407
	0.684

	
	CD4+T%
	75.20 (61.90, 84.73)
	72.85 (60.85, 89.00)
	75.20 (62.63, 83.60)
	-0.351
	0.726

	
	CD4/CD8 ratio
	5.05 (3.30, 9.50)
	7.05 (2.78, 9.50)
	4.90 (3.30, 9.50)
	-0.476
	0.634


aP < 0.05. Data are presented as n (%) or median with IQR, or as indicated in the column heading. ACE: Angiotensin-converting enzyme; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BAL: Bronchoalveolar lavage; Cr: Creatinine; CRP: C-reactive protein; DLCO: Diffusion capacity for carbon monoxide; ESR: Erythrocyte sedimentation rate; FEV1: Forced expiratory volume 1.0 s; FVC: Forced vital capacity; ICS: Inhaled corticosteroids; NLR: Neutrophil-to-leukocyte ratio; RV: Residual volume; TLC: Total lung capacity; WBC: White blood cell. 

Table 2 Binary logistic regression analysis between the sarcoidosis and health control groups
	Characteristics
	β
	SE
	Wald value
	P value
	OR
	95%CI

	
	
	
	
	
	
	

	Erythema nodosum
	0.983
	0.607
	2.621
	0.105
	2.672
	0.813
	8.785

	Scadding classification of chest radiography
	-0.654
	0.439
	2.220
	0.136
	0.520
	0.220
	1.229

	Natural history
	-1.068
	0.597
	3.194
	0.074
	0.344
	0.107
	1.109

	Forced vital capacity
	-0.055
	0.025
	4.788
	0.029a
	0.946
	0.900
	0.994

	ESR
	0.028
	0.036
	0.613
	0.434
	1.029
	0.958
	1.105

	NLR
	-0.145
	0.099
	2.116
	0.164
	0.865
	0.712
	1.052


aP < 0.05. CI: Confidence interval; OR: Odds ratio; SE: Standard error; ESR: Erythrocyte sedimentation rate; NLR: Neutrophil-to-leukocyte ratio.
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