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Abstract

Background—Severe asthma is a complex heterogeneous disease associated with older age and 

obesity. The presence of eosinophilic (type 2) inflammation in some but not all patients with 

severe asthma predicts responsiveness to current treatments, but new treatment approaches will 

require better understanding of non-type 2 mechanisms of severe asthma. We considered the 

possibility that systemic inflammation - which occurs in subgroups of obese and older patients - 

modifies asthma to make it worse. Interleukin 6 (IL6) is a biomarker of systemic inflammation and 

metabolic dysfunction, and we aimed to explore the relationship between IL6, metabolic 

dysfunction, and asthma severity.

Methods—We generated a reference range in health for plasma IL6 in a cohort of healthy 

controls (n=93). We compared the clinical characteristics of asthmatics with plasma IL6 levels 

below and above the upper limit of normal (“IL6 low” and “IL-high” asthma) in two asthma 

cohorts - predominantly non-severe asthmatics recruited at the University of California San 

Francisco (UCSF)(n=249) and predominantly severe asthmatics recruited by the Severe Asthma 

Research Program (SARP)(n=387).

Findings—The upper 95th centile value for plasma IL6 in the healthy cohort was 3·1pg/mL, and 

14% of UCSF cohort and 26% of the SARP cohort had plasma IL6 levels above this upper limit. 

The “IL6-high” patients in both asthma cohorts had a significantly higher body mass index and a 

higher prevalence of metabolic disease than the IL6-low patients (all p values < 0.01). IL6-high 

patients also had significantly lower lung function and more frequent asthma exacerbations than 

IL6-low patients (all p values < 0·01). Although 75% of IL6-high asthmatics were obese, 63% of 

obese patients were IL6-low. Among obese patients, the forced expired volume in one second 

(FEV1) was significantly lower in IL6-high than in IL6-low patients (mean FEV1 70·8 [S.D. 19·5] 
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vs. 78·1 [19·7] % predicted, p = 0·002), and the percentage of patients reporting an asthma 

exacerbation in the past 1-2 years was higher in IL6-high than in IL6-low patients (66 vs. 48%, p = 

0·003). Among non-obese asthmatics, FEV1% and asthma exacerbation outcomes were also 

significantly worse in IL6-high than in IL6-low patients (mean FEV1 66·4 [SD 23·1] vs. 83·2 

[20·4] % predicted, p< 0·01; 59 vs. 34 %, p=0·008).

Interpretation—Systemic IL6 inflammation and clinical features of metabolic dysfunction - 

occurring most commonly among a subset of obese asthmatics but also in a small subset of non-

obese patients - is associated with more severe asthma. IL6 inhibitors or treatments that improve 

metabolic dysfunction represent rational clinical trials to pursue for a subset of patients with 

severe asthma, and plasma IL6 is a biomarker that could guide patient stratification.

Introduction

Asthma is a heterogeneous disease with variability in clinical features and in underlying 

cellular and molecular mechanisms. Type 2 inflammation is clearly important in asthma, but 

a significant subgroup of asthmatics do not have type 2 inflammation in their airways and do 

not respond to treatments targeting this pathway (1). Many of these “Th2-low” asthma 

patients have severe disease and have significant unmet treatment needs. Obesity is a 

prominent clinical trait in severe asthma (2), but the mechanism of the association between 

obesity and severe forms of asthma is uncertain. One possibility is that obesity-related 

systemic inflammation contributes to development of severe asthma. Low-grade systemic 

inflammation occurs in a subset of obese patients because adipocytes and inflammatory 

macrophages in adipose tissue secrete a variety of pro-inflammatory cytokines (including 

interleukin 6 [IL6]) (3). Although this low-grade systemic inflammation is known to be 

associated with development of insulin resistance, dyslipidemia, atherosclerosis, type 2 

diabetes, and hypertension (3), surprisingly little attention has been paid to the role of 

systemic inflammation and metabolic dysfunction as a risk for development of severe 

asthma. Previous studies in relatively small sample sizes have described increases in plasma 

IL6 in patients with asthma (4), and genetic studies have revealed that IL6 pathway genes 

are associated with asthma (5), but these studies have not examined the relationship between 

airway and systemic levels of IL6 in asthma, the role of systemic IL6 inflammation in 

explaining the variable effects of obesity on asthma severity, and the relationship between 

IL6 inflammation and type 2 inflammation in asthma.

Materials and Methods

Study Design

Subjects studied included a reference (healthy) cohort and two asthma cohorts - 

predominantly non-severe asthmatics recruited at University of California, San Francisco 

(UCSF) (n=249) and predominantly severe asthmatics recruited by the Severe Asthma 

Research Program (SARP) (n=387). These cohorts were highly characterized with data 

available for outcomes related to lung function, asthma control, and asthma exacerbations, as 

well as data related to metabolic health. Data on history of diabetes was only available in the 

SARP cohort. Both cohorts also had blood and airway bio-specimens available for analysis. 
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Details about recruitment methods, subject enrollment, study measurements, and study 

procedures are provided in the supplementary appendix.

UCSF Subjects—93 healthy control subjects and 249 asthma subjects had been recruited 

to research studies in the UCSF Airway Clinical Research Center between 2005-2014. All 

studies included 1-2 baseline visits, which used standardized protocols for clinical 

characterization and collection, processing, and storage of blood and induced sputum. 

Healthy subjects had no history of pulmonary disease, no history of atopic disease or allergic 

rhinitis, and had normal airway responses to inhaled methacholine. Asthma subjects had a 

prior physician diagnosis of asthma and either bronchial hyperresponsiveness (BHR) to 

methacholine or reversible airflow obstruction. These subjects had no lifetime history of any 

other pulmonary disease.

SARP Subjects—387 adult asthma subjects were recruited to the Severe Asthma 

Research Program (SARP) between November 1, 2012 and October 1, 2014 by seven 

clinical research centers (including UCSF) in the United States. The SARP protocol is an 

ongoing, six visit, 3-year, longitudinal cohort study in which 60% of subjects have severe 

asthma as defined by the American Thoracic Society/European Respiratory Society (ATS/

ERS) consensus (6). The SARP protocol included two baseline visits in which patients 

underwent detailed characterization studies and provide samples of blood and induced 

sputum. The data reported here is from these two baseline visits.

Plasma IL6 and C-reactive protein (CRP) Measurements

Assays were performed at UCSF using aliquots of Ethylenediaminetetraacetic acid (EDTA) 

treated plasma and the high sensitivity human IL6 Quantikine ELISA Kit (R&D Systems, 

Minneapolis, MN) (lower/upper limit of detection, 0·16/10·5 pg/mL). CRP was measured in 

plasma from 38 UCSF healthy subjects and 123 UCSF asthma patients using the Quantikine 

ELISA kit (R&D Systems, Minneapolis, MN) (lower/upper limit of detection, 0·78/20 ng/L).

Induced Sputum Measures

Total and differential cell counts were quantified in both UCSF and SARP patients using 

methods previously described (7,8). IL6 protein was measured in induced sputum 

supernatants from 109 UCSF asthma patients using the human IL6 DuoSet Kit (R&D 

Systems Minneapolis, MN) (lower limit of detection, 9·38 pg/mL). The reliability of sputum 

IL6 protein measures was confirmed by spike and recovery experiments (supplemental 

appendix, Table S1). IL6 gene expression was measured from RNA isolated from induced 

sputum cell pellets from 210 SARP asthma patients and 55 UCSF asthma patients using 

previously described methods (9).

Statistical Methods

Analyses were performed using JMP 10 software package (SAS Institute, Cary, NC) and 

Stata 12.0 (StataCorp College Station TX), and P values less than 0·05 were taken as 

statistically significant. Three group comparisons between subjects in the UCSF Health, 

UCSF Asthma, and SARP Asthma cohorts were made using an ANOVA followed by a 

Bonferroni correction for continuous variables and a Fisher's exact test for categorical 
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variables. Two group comparisons between IL6 high and IL6 low asthma were made with; a 

student t-test for numeric variables with approximately normal distributions, a Wilcoxon 

rank-sum for numeric variables with non-normal distributions, and a Fisher's exact test for 

dichotomous variables. Correlation was performed using the Pearson's correlation to assess 

the relationship between numeric variables with approximately normal distributions. 

Numeric variables with non-normal distributions were log transformed to achieve normality 

prior to Pearson's correlation analysis. Best-fit lines were constructed using least squares 

regression. Linear and logistic regression modeling was used to assess the relationship 

between natural log transformed plasma IL6 levels and measures of asthma control. Models 

were constructed with and without adjustment for the covariates of age, BMI, blood 

eosinophil cell counts, and corticosteroid use based upon biologic plausibility and using 

directed acyclic graphs (Fig S2). The dependent variables (outcome) for the linear regression 

models were FEV1, and forced vital capacity (FVC) % predicted. The dependent variables 

for the logistic regression modeling were asthma exacerbation (defined as a course of 

systemic corticosteroids) in the past one year (SARP cohort) or two years (UCSF asthma 

cohort), asthma hospitalization in the past year, asthma-related emergency department visit 

in the past year, and ATS/ERS criteria for severe asthma. Interaction terms were constructed 

for the interaction between the predictor variables of plasma IL-6 and body mass index on 

the dependent variables of asthma severity. Including these interaction terms did not 

significantly alter the models and therefore were not included. Although all participants had 

plasma IL-6 measured, not all participants had data for every study outcome, and analyses 

used available data (missing data is described in the table footnotes and summarized in Table 

S2).

Role of the funding source

The funding source was research grants awarded by the US. National Institutes of Health - 

Heart lung and Blood Institute (NHLBI). The NHLBI was involved in providing funding for 

the Severe Asthma Research Program (SARP) and program officers from NHLBI designed 

the structure of the SARP. An NHLBI program officer also participates as a member of the 

SARP steering committee. The NHLBI was not involved in patient recruitment, data 

collection, data analysis, data interpretation, or manuscript preparation.

Results

Subject Demographics

The UCSF healthy cohort and the UCSF asthma cohort had a similar mean age, but the 

SARP cohort was older and heavier than both the UCSF healthy cohort and the UCSF 

asthma cohort (Table 1). The older age and higher body weight of the SARP cohort reflects 

the recruitment methods for SARP, which emphasized inclusion of patients with severe 

asthma who are known to be older and heavier.

Plasma IL6 (but not sputum IL6) is increased in a subset of asthmatics

To calculate a reference interval for plasma IL6 in health, we followed the guidelines of the 

national committee for clinical laboratory standards(10). First, we log transformed plasma 

IL6 values in healthy subjects to normalize the distribution and to determine the upper 95th 
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centile value as the upper limit of normal (Fig 1A). This approach yielded 3·1pg/mL as the 

cutoff value. We found that 14% (36/249) of the UCSF asthma patients and 26% (102/387) 

of the SARP asthma patients were IL-6 high, i.e. plasma IL6 above 3·1 pg/mL (Fig 1B, 

Table 2). The remaining asthma subjects with plasma IL6 levels below 3·1 pg/mL were 

classified as “IL6 low”. Among patients with asthma we found no significant correlation 

between plasma IL6 measurements and sputum IL6 gene expression measurements 

(r2=0·003, p=0·45)(Fig 1C) and sputum IL6 protein measurements (r2=0·03, p=0·10)(Fig 

1D), making airway cells an unlikely source of the high systemic IL6. To explore if the 

plasma IL6 levels detected were associated with downstream markers of IL6 activity, we 

measured plasma CRP levels (11) in a subset (n=123) of the UCSF asthma cohort and a 

subset (n=38) of the healthy subjects. When compared to healthy subjects, we found that 

median (IQR) CRP levels were significantly higher in asthma than in health (1·6 [0·5-5·0] 

vs. 0·5, [0·3-1·9] mg/L, p = 0·004). CRP levels were was also higher in IL6-high asthma than 

in IL6-low asthma (12·9,[2·2-20·9] vs.1·1 [0·5-3·4] mg/L, p<0·001) and significantly 

correlated with plasma IL6 levels ( r2 = 0·29 p<0·001)(Fig 1E). Plasma IL6 measures were 

also significantly correlated with blood neutrophils (r2 = 0·16, p<0·001)(Fig 1F).

“IL6-high” asthma is characterized by obesity, metabolic dysfunction, and severe asthma

Compared to IL6-low asthma, we found that IL6-high asthma in the SARP cohort was 

characterized by a higher prevalence of women (Table 2); but race did not differ between 

IL6-high and IL6-low subgroups in either asthma cohort. Compared to IL6-low asthma, we 

found that IL6-high asthma in both the UCSF and SARP cohorts was characterized by 

significant increases in BMI, a higher prevalence of hypertension, and by higher values for 

systolic blood pressure and blood leukocytes (Table 2, Fig 2A-C). Diabetes mellitus in the 

SARP cohort occurred more frequently in IL6-high subgroup than in the IL6-low subgroup 

(history of diabetes was not measured in UCSF cohort). FEV1 and FVC values in both 

asthma cohorts were lower in the IL6-high subgroups than the IL6 low subgroups (Table 2), 

and the maximum bronchodilator reversibility test in the SARP cohort showed large 

increases in FEV1 and FVC with bronchodilators (Table 2). In addition, the percentage of 

patients who qualified as having severe asthma by ATS/ERS criteria was higher in the IL6-

high subgroup in the SARP cohort than the IL6-low subgroup. Furthermore, asthma 

exacerbations were more frequent and ACT scores were lower in the IL6-high subgroups in 

both cohorts than in the IL6 low subgroups (Table 2, Fig 3). Sputum eosinophil %, blood 

eosinophil numbers, sputum neutrophil %, FeNO, or serum levels of IgE in both cohorts did 

not differ significantly in the IL6-high and -low subgroups (Table 2).

Systemic IL6 levels are associated with metabolic dysfunction and severe asthma in both 
obese and non-obese patients

Plasma IL6 was significantly and positively correlated with BMI in both cohorts (Fig 4A), 

and 78% (28/36) and 81% (83/102) of the IL6-high subgroups in the UCSF and SARP 

asthma patients were obese, respectively (Table 2). But 62% (178/289) of obese patients had 

normal plasma IL6 (Fig 4B), and this prompted us to explore more deeply the relationship 

between IL6 inflammation, metabolic dysfunction, and asthma severity in obese and non-

obese patients. To do this, we compared outcomes of metabolic dysfunction and asthma 

severity in IL6-high and IL6-low asthma, and we stratified patients into obese and non-obese 
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subgroups. In addition, we examined relationships between IL6 and asthma severity 

outcomes while controlling for BMI in regression models. Compared to obese IL6-low 

asthmatics, we found that obese IL6-high asthmatics had strong signals for metabolic 

dysfunction, including a frequent history of hypertension, and increases in total blood 

leukocytes and blood neutrophils (Fig 4C, Table 3). In addition, we found that asthma 

outcomes were consistently worse in obese IL6-high asthma than in obese IL6-low asthma 

(Fig 4D, Table 3). Furthermore, we found that indicators of metabolic dysfunction and more 

severe asthma were also characteristics of non-obese IL6-high asthmatics (Fig 4C-D, Table 

3), indicating that IL6 is associated with metabolic dysfunction and severe asthma, even in 

the absence of obesity.

Confounding does not explain the association between IL6 and increased asthma severity

Older age, increased body mass, and increased type-2 inflammation have all been associated 

with increased plasma IL-6 levels and increased asthma severity (Fig S2). To determine if 

these factors confounded the association between plasma IL-6 measures and asthma severity, 

we performed linear and logistic regression models using continuous measures of plasma 

IL-6 as the predictor of interest. We found that the relationship between increased IL-6 and 

worse asthma remained robust even after controlling for these potential confounders (Table 

4).

Plasma IL6 measures are unrelated to measures of type 2 inflammation in asthma

Using a Pearson correlation coefficient, we found no significant relationship between plasma 

IL6 and outcomes of type 2 inflammation in blood or airway bio-specimens, including blood 

eosinophils (r2=0·002, p=0.25), blood IgE levels (r2<0·001, p=0·52), FeNO (r2=0·005 

p=0·09), and sputum eosinophils (r2<0·001, p=0·53)(Fig 5 A-D).

Directed acyclic graph (DAG) analysis—The possible relationships between systemic 

IL6 measures, age, body mass index, and type 2 inflammation that informed our analysis are 

illustrated by the DAG in Fig S2A. The relationships that are supported by our data are 

illustrated in the modified DAG shown in Figure S2B, which shows most importantly that 

IL6 is not related to type 2 inflammation.

Discussion

A dominant concept in asthma is that mechanisms of disease that originate in the lung drive 

airway pathology and airway dysfunction and explain the marked heterogeneity in clinical 

traits. In particular, there has been a heavy emphasis on research into mechanisms of type 2 

inflammation in asthma, an emphasis that has now led to new treatments targeting various 

members of the type 2 pathway. It is well known, however, that many patients with asthma 

do not have type 2 inflammation, and that these patients will not benefit from type 2 directed 

treatments (12,13). New insights about mechanisms of non-type 2 inflammation are now 

needed as a first step toward developing treatment options for patients with Th2-low asthma. 

Unfortunately, efforts to date to uncover new disease mechanisms using experimental 

approaches that focus on analyses of lung bio-specimens have not been very productive. 

Here, we report that systemic IL6 inflammation occurs in a significantly sized subgroup of 
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patients with asthma, most of whom are obese. We also report that systemic IL6 

inflammation marks patients who have both metabolic dysfunction and severe asthma. Taken 

together, our findings help explain the heterogeneous effects of obesity on disease severity in 

asthma and point to treatment of systemic IL6 inflammation and metabolic dysfunction as 

novel therapeutic strategies for asthma.

More than 75% of the IL6-high asthma subgroups in our two asthma cohorts were obese, but 

only a minority of obese asthma patients (38%) had high plasma IL6 levels. This subset of 

obese asthmatics with high IL6 levels was more likely to have hypertension and systemic 

leukocytosis, which are indicators of metabolic dysfunction (14,15). Importantly, we found 

that the highest signals for asthma severity were in this IL6-high subset of obese asthmatics 

with metabolic dysfunction. Taking IL6 as a biomarker of metabolic dysfunction (16), our 

data clearly show that asthma in obese patients with metabolic dysfunction is more severe 

than in obese patients without metabolic dysfunction. This finding helps explain why obesity 

is associated with severe asthma in some patients but not in others, and it emphasizes the 

importance of metabolic and inflammatory complications of obesity over complications 

arising from chest wall loading from adipose tissue. Notably, our data also show that asthma 

in non-obese patients with metabolic dysfunction is more severe than in non-obese patients 

without metabolic dysfunction. This interpretation is consistent with our data showing that 

the relationships between plasma IL6 and measures of asthma severity remain robustly 

significant when BMI is controlled for in regression models.

We found no relationship between plasma measures of IL6 and measures of type 2 

inflammation (airway and systemic) in the two asthma cohorts and no relationship between 

measures of plasma IL6 protein and measures of IL6 gene transcripts or IL6 protein in the 

airway. These data indicate that the increase in systemic IL6 levels in IL6-high asthma is not 

occurring as a result of upstream type 2 inflammation or as a result of spillover of IL6 

inflammation from the lungs. Our data overall suggest an “outside in” mechanism of lung 

dysfunction in IL6-high asthma in which the proinflammatory mediators driving disease 

severity originate in extrapulmonary organs. For example, the origin of the increased IL6 in 

IL6-high asthma is most likely inflammatory macrophages in white adipose tissue (17). 

Circulating IL6 could mediate airway pathology through effects on endothelial cells, 

epithelial cells, and other structural airway cells (18,19). It could also influence T cell 

function, including regulatory T cells and Th17 cells (20,21). Another “outside in” 

mechanism of lung dysfunction in IL6-high asthma could involve insulin resistance, an 

important consequence of metabolic dysfunction. Insulin resistance has been linked to poor 

lung function in asthma (22), and the mechanism of this effect is a subject of speculation 

that upregulation of insulin-related metabolic signaling cascades has adverse consequences 

for smooth muscle cells and other airway structural cells (23). Finally, we acknowledge that 

IL6 is not the only cytokine that is upregulated in patients with metabolic dysfunction. 

Cytokines such as TNFα or leptin may also be increased in patients with IL6-high asthma, 

and the activities of these cytokines could be a mechanism of disease in IL6-high asthma.

Because IL6 is a pro-inflammatory factor, differentiation factor, and growth factor (24), it is 

a therapeutic target in rheumatoid arthritis (25), systemic juvenile arthritis (26), and Crohn's 

disease (27). Our data provide a rationale for also testing the efficacy of IL6 inhibitors in 
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severe asthma (28). In addition, because IL6 is a marker of metabolic dysfunction, we 

provide a rationale for exploring the efficacy of treatments for metabolic dysfunction as 

strategies to lessen disease severity in asthma.

In conclusion, our study suggests a role for systemic IL6 inflammation as a mediator of 

disease severity in a subgroup of asthma patients. This role may be causal according to Hill's 

criteria for causality (29), based on the large effect size, the consistent finding for the 

association between IL6 and asthma severity in two asthma cohorts, the specific clinical 

features of the IL6-high subgroup, the clear dose response for IL6 measures and outcomes of 

asthma severity, and the biologic plausibility for IL6 as a mediator of asthma pathology. 

However, definitive proof that IL6 has a causal role in mediating asthma severity will need 

to await the results of randomized controlled trials testing the efficacy of IL6 inhibition in 

asthma. We provide strong rationale for such trials here and our data indicate how plasma 

IL6 could be used as a biomarker to enrich for patients with IL6-high asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Asthma is a common disease that is often well controlled with currently available 

treatments, but a subgroup of patients has severe disease with unmet treatment needs. 

New treatments for severe asthma require improved understanding of disease 

mechanisms and easily measured biomarkers to guide personalized treatment plans. 

Obesity is a well-recognized risk factor for severe asthma, but many obese asthmatics do 

not have severe disease, and the molecular drivers of the heterogeneity of clinical severity 

in obese asthma are poorly understood. Low-grade systemic inflammation is a 

complication of obesity that results in metabolic diseases such as hypertension, 

atherosclerosis, and type 2 diabetes mellitus. The possibility that systemic inflammation 

could lead to more severe forms of asthma has not been studied in detail.

Interleukin 6 (IL6) is a biomarker of obesity-related systemic inflammation and 

metabolic dysfunction. It is also a pleotropic cytokine and a plausible mediator of airway 

dysfunction in asthma. Previous studies in small numbers of patients have shown an 

increase in plasma or serum levels of IL6 in asthma, and genetic studies have found 

associations between IL6 pathway genes and asthma.

Added value of this study

We show in two asthma cohorts that systemic IL6 inflammation occurs in a subset of 

asthmatics that are characterized by obesity and metabolic dysfunction. These “IL6-high” 

asthmatics have much lower lung function and more frequent exacerbations than “IL6-

low” asthmatics. Although the average BMI in IL6-high asthma is higher than in IL6-low 

asthma, the majority of obese asthmatics are IL6-low, and metabolic diseases such as 

hypertension and diabetes mellitus occur much more commonly in the IL6-high 

subgroups. Notably, asthma severity is much more severe in the subgroup of obese 

asthmatics who are IL6-high than in the subgroup who are IL6-low, and this association 

holds in the non-obese IL6-high and IL6-low asthmatics.

Implications of all the available evidence

Systemic IL6 levels, occurring independently of type 2 inflammation, is associated with a 

severe asthma phenotype. Variability in systemic IL6 levels in obese patients helps 

explain the heterogeneity of asthma severity in these patients. Systemic IL6 inflammation 

represents an extra-pulmonary mechanism of severe asthma, and treatment of low-grade 

systemic inflammation (including with IL6 inhibitors) or treatment of metabolic 

dysfunction represent rational clinical trials to pursue for a subset of patients with severe 

asthma. Plasma IL6 is a biomarker that could guide patient stratification in the trials.
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Fig. 1. Increases in plasma IL6 in a subset of asthmatics that is not related to airway measures of 
IL6
(A) Log transformed plasma IL6 measurements shown as kernel density plots to illustrate 

the distribution of the IL6 concentrations in plasma in the three cohorts. (B) Plasma IL6 

values in UCSF healthy subjects, UCSF asthma patients, and SARP asthma patients. The 

horizontal dashed line indicates the upper 95% centile value for plasma IL6 in the healthy 

subjects. The shaded areas highlight the 36 (14%) UCSF asthma patients and the 102 (26%) 

SARP asthma patients who had plasma IL6 levels above the upper reference limit. *p<0·05 

from ANOVA comparison. (C) Lack of correlation between plasma IL6 protein levels and 

log2 normalized gene expression levels for IL6 in sputum cells (n=210, in the SARP asthma 

cohort , black best-fit line). (D) Lack of correlation between plasma IL6 protein levels and 

sputum IL6 protein in sputum (n=109, UCSF asthma cohort , black best-fit line). (E) Plasma 

IL6 levels are positively and significantly correlated with plasma CRP (n= 123, UCSF 

asthma cohort, black best-fit line). (F) Plasma IL6 protein levels are positively and 

significantly correlated with blood neutrophils in the UCSF asthma cohort (black symbols 

and black best-fit line) and the SARP cohort (red symbols and red best-fit line). Best-fit lines 

were created in each cohort separately and the pearson's coefficient was calculated with the 

cohorts combined.
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Fig 2. Increased metabolic dysfunction in IL6-high asthma
(A) A history of hypertension was significantly more common in IL6 high than in IL6 low 

asthma in both the UCSF and SARP cohorts, Data represented as % of subjects ± SE. (B) 
Total blood leukocytes number was higher in IL6 high asthma than in IL6 low asthma in the 

UCSF and SARP cohorts, mean, ± SE (C) A history of diabetes was significantly more 

common in IL6 high than in IL6 low asthma in the SARP cohort. *p<0·05 from chi-square 

test †p<0·05 from t-test. Data represented as % of subjects ± SE.
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Fig. 3. More frequent asthma exacerbations in IL6-high asthma
(A) The percentage of asthma patients that required systemic corticosteroid treatment in the 

past 2 years was higher in IL6 high asthma compared to IL6 low asthma in the UCSF cohort 

(B) The percentage of asthma patients that required systemic corticosteroid treatment, 

emergency department treatment, or hospitalization for an asthma exacerbation in the past 

year in IL6 high asthma was higher than in IL6 low asthma in the SARP cohort. *p<0·05 

from chi-square test. Data represented as % of subjects ± SE.
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Fig. 4. Increased plasma IL6 is associated with metabolic dysfunction and more severe asthma in 
both obese and non-obese patients
(A) Plasma IL6 levels are positively and significantly correlated with body mass index 

(BMI) in UCSF asthma patients (black symbols) and SARP asthma patients (red symbols) 

pearson's coefficient was calculated with the cohorts combined. (B) The proportion of 

asthma patients with high plasma IL6 levels was much higher in obese asthmatics (BMI 

>30) than in non-obese asthmatics (BMI <30). (C) Compared to IL6-low asthma, IL6-high 

asthma is characterized by increased metabolic dysfunction in both obese and non-obese 

subgroups, as demonstrated by a higher frequency of hypertension and leukocytosis. (D) 
Asthma severity in IL6-high asthma is worse than in IL6-low asthma in both obese and non-

obese subgroups, as demonstrated by lower FEV1 values and a higher percentage of subjects 

with a history of an asthma exacerbation. The exacerbation history is defined as a prednisone 

requiring asthma exacerbation in either the past 2 years (UCSF cohort) or the past in past 

year (SARP cohort).*p<0·05 from Wilcoxon rank sum test †p<0·05 from chi square test. 

Data represented as % of subjects ± SE, for binary variables and mean ± SEM for 

continuous variables.
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Fig. 5. Plasma IL6 measures are unrelated to measures of type 2 inflammation in asthma
(A) Plasma IL6 levels are not related to blood eosinophil cell counts. (B) Plasma IL6 levels 

are not related to serum IgE levels, (C) Plasma IL6 levels are not related to exhaled nitric 

oxide levels. (D) Plasma IL6 levels are not related to sputum eosinophil cell percentages. 

UCSF asthma cohort is represented by black symbols and black best-fit lines and the SARP 

cohort is represented by red symbols and red best-fit lines. Best-fit lines were created in each 

cohort separately and the pearson's coefficient was calculated with the cohorts combined.
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Table 1

Characteristics of Healthy and Asthma Subjects

Characteristic Healthy Asthma

UCSF (N = 93) UCSF (N = 249) SARP (N= 387)

Age (years) 35·9 (12·1) 37·3 (14·2)
47·2 (13·6)

*

Female sex - no. (%) 52 (56) 155 (62) 255 (66)

Race - no. (%)
‡

    American Indian and Alaska Native 1 (1) 4 (2) 2 (1)

    Asian 16 (17) 35 (14) 16 (4)

    African American 3 (3) 27 (11) 89 (23)

    Caucasian 64 (69) 155 (62) 255 (66)

    Native Hawaiian or other Pacific Islander 0 (0) 3 (2) 0 (0)

    Mixed race 5 (5) 17 (7) 25 (6)

    Unknown/refused to answer 4 (4) 8 (3) 0 (0)

BMI (kg/m2) 25·4 (5·5)
28·9 (6·9)

*
32·3 (8·4)

*†

Use of ICS no. (%) 141 (57)
345 (89)

†

% with BMI > 30 15 (16) 82 (33) 207 (53)

Spirometry data

    FEV1 (% predicted) 99·4 (13·8)
83·8 (18·3)

*
75·9 (21·7)

*†

    FVC (% predicted) 102·6 (12·7)
97·7 (15·4)

*
90·2 (19·7)

*†

    FEV1/FVC 0·97 (0·10)
0·85 (0·12)

*
0·83 (0·13)

*

Score on ACT
§ 18·9 (3·9) 16·8 (4·9)C

Blood markers of atopy
¶

    Eosinophils (× 106/L) 133 (106)
292 (220)

*
292 (275)

*

    Serum IgE (IU/mL) 51 (74)
360 (474)

*
342 (581)

*

FeNO (ppm)
∥ 17 (13)

46 (41)
*

30 (30)
*†

Asthma exacerbations – no. (%)
**

    ≥1 exacerbation in past two years 88 (35)

    ≥1 exacerbation in past year 194 (50)

    Necessitating hospitalization past year 46 (12)

    Necessitating ER visit past year 95 (25)

Data reported as mean (SD) unless otherwise indicated. FEV1 = forced expiratory volume in 1 s. BMI = body mass index. FVC = forced vital 

capacity. ICS = inhaled corticosteroids. ACT = asthma control test. FeNO = fraction of nitric oxide in exhaled air. ER = emergency room.

*
Indicates statistically different from UCSF Healthy (p<0 05).

†
Indicates statistically different between UCSF Asthma and SARP Asthma (p<0 05).

‡
Race was statistically different between SARP Asthma and either UCSF Healthy or UCSF Asthma.

§
Scores on ACT range from 25 to 5 with lower scores indicating worse asthma control – 98 of the UCSF patients did not have this score recorded.
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¶
2 of the UCSF healthy subjects and 18 of the UCSF asthma patients did not have blood eosinophils measured; 4 of the UCSF healthy subjects, 18 

of the UCSF asthma patients, and 4 of the SARP asthma patients did not have serum IgE levels measured.

∥
23 of the UCSF healthy subjects, 60 of the UCSF asthma patients, and 3 of the SARP asthmatics did not have FeNO measured.

**
The UCSF asthma patients completed a questionnaire which asked about asthma exacerbations requiring treatment with prednisone in the past 2 

years; the SARP asthma patients completed a questionnaire which asked about asthma exacerbations requiring treatment with prednisone in the 
past year and also captured information about hospitalizations and ER visits for treatment of asthma in the past year.
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