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ORIGINAL ARTICLE
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Abstract

Rationale: The role of obesity-associated insulin resistance (IR)
in airflow limitation in asthma is uncertain.

Objectives: Using data in the Severe Asthma Research Program
3 (SARP-3), we evaluated relationships between homeostatic
measure of IR (HOMA-IR), lung function (cross-sectional and
longitudinal analyses), and treatment responses to
bronchodilators and corticosteroids.

Methods: HOMA-IR values were categorized as without (,3.0),
moderate (3.0–5.0), or severe (.5.0). Lung function included FEV1

and FVC measured before and after treatment with inhaled albuterol
and intramuscular triamcinolone acetonide and yearly for 5 years.

Measurements and Main Results: Among 307 participants in
SARP-3, 170 (55%) were obese and 140 (46%) had IR. Compared

with patients without IR, those with IR had significantly lower
values for FEV1 and FVC, and these lower values were not
attributable to obesity effects. Compared with patients without
IR, those with IR had lower FEV1 responses to b-adrenergic
agonists and systemic corticosteroids. The annualized decline
in FEV1 was significantly greater in patients with moderate
IR (241 ml/year) and severe IR (232 ml/year,) than in patients
without IR (213 ml/year, P, 0.001 for both comparisons).

Conclusions: IR is common in asthma and is associated with
lower lung function, accelerated loss of lung function, and
suboptimal lung function responses to bronchodilator and
corticosteroid treatments. Clinical trials in patients with asthma
and IR are needed to determine if improving IR might also
improve lung function.
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Obesity is a significant modifier of disease
severity in asthma (1) and putative
mechanisms include obesity-associated
systemic inflammation occurring in the
context of poor metabolic health (2, 3).
Poor metabolic health in obesity includes
pathologies such as dyslipidemia,
hyperglycemia, and insulin resistance (IR).
Interestingly, prior research in community-
based cohort studies of patients not selected
for an asthma diagnosis has found
relationships between impaired glucose
homeostasis, diabetes, or insulin resistance

on lung function. For example, in
cross-sectional analyses from the American
National Health and Nutrition Examination
Survey (NHANES-III) and in the American
Atherosclerosis Risk in Communities (ARIC)
cohort, a diagnosis of diabetes was associated
with a lower FEV1 and lower FVC (4, 5). In
addition, in prospective analyses in ARIC,
the FVC (but not FEV1) declined faster in
diabetics than nondiabetic controls (5).
Furthermore, in the Ansan-Ansung (AA)
cohort, which was established to study
noncommunicable chronic diseases

(including diabetes) in South Korea, cross-
sectional analyses showed that the FVC was
significantly lower in subset with IR, and
prospective analyses showed that both FEV1

and FVC declined faster in those with IR (6).
Together, these cohort data in patients not
selected for lung disease demonstrate that
impaired glucose homeostasis and insulin
resistance is associated with abnormal lung
function and accelerated loss of lung
function over time.

The effect of insulin resistance on
disease severity and lung function in asthma
is poorly understood, and the effect of IR on
changes in lung function over time has not
been studied to our knowledge. In addition,
the effect of IR on lung function responses to
b-adrenergic agonists or corticosteroids has
not been reported. The Severe Asthma
Research Program 3 (SARP-3) is a multiyear
longitudinal cohort study of asthma patients
in the United States designed to evaluate
molecular phenotypes of asthma and how
these phenotypes influence lung function
and treatment responses to b-adrenergic
agonists and corticosteroids. Using data from
SARP-3, we set out to determine if IR is
associated with impairments in lung function
or blunting of treatment responses to asthma
medications. Some of the results of this study
have been previously presented in the form
of an abstract (7).

Methods

Participants
TheNHLBI’s SARP-3, now in its seventh
year, is a longitudinal cohort study in adults
and children with asthmawhosemission is to
improve the understanding of severe asthma
to develop better treatment strategies (8).
Participants enrolled in SARPwere followed
for at least three years to determine how
clinical andmolecular features develop or
change with time. The protocol involves

At a Glance Commentary

Scientific Knowledge on the Subject: Obesity is a global epidemic. Poor
metabolic health in obese patients is associated with dysfunction in multiple organs but
the impact of obesity-associated metabolic disease on lung disease is poorly
understood. Poor metabolic health in obesity is reflected in dyslipidemia,
hyperglycemia, and insulin resistance (IR) with hyperinsulinemia. Insulin resistance is
strongly related to asthma risk in adults, and insulin itself may activate airway immune
cells and structural cells to mediate airway inflammation and airway narrowing. This
prompted us to explore if insulin resistance is associated with impairments in lung
function or alters the treatment response to asthma medications. We conducted
metabolic phenotyping of participants in the Severe Asthma Research Program
3 (SARP-3), a 5-year longitudinal cohort study. Metabolic phenotyping included
comprehensive measures of obesity and obesity-associated metabolic dysfunction,
including homeostatic model assessment of insulin resistance (HOMA-IR), which was
categorized as without (,3.0), moderate (3.0–5.0), or severe (.5.0) IR. We evaluated
whether HOMA-IR is associated with cross-sectional measures of lung function, lung
function responses to b-adrenergic agonists and intramuscular triamcinolone (TA),
and annualized declines in lung function.

What This Study Adds to the Field: Our cross-sectional analyses determined that
obesity and insulin resistance (IR) are common in participants in SARP-3 and that
participants with moderate or severe insulin resistance have significantly lower lung
function and significantly worse responses to b agonists and TA than those without
IR. In longitudinal analyses we found that, compared to participants without IR,
those with moderate or severe IR have accelerated loss of lung function. Our
findings suggest that IR leads to cross sectional and longitudinal impairments in
lung function in asthma and provides rationale to test whether treatments for insulin
resistance prevent accelerated loss of lung function in asthma.
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detailed disease characterization at baseline
and yearly thereafter. Our previous finding
that systemic IL-6 inflammation is common
in SARP-3 participants who are obese and
that “IL-6-high” asthma is associated with
more severe asthma (2, 9) prompted the
steering committee tomodify the Year 3
characterization procedures to add a broader
range ofmetabolic healthmeasures. The
metabolicmeasures included ametabolic
health questionnaire and blood tests for
metabolic analytes (insulin, glucose, glycated-
hemoglobin [HbA1c], triglycerides,
cholesterol and lipoproteins). The protocol
was for collection of blood in the fasting state,
although bloodwas collected in the nonfasting
state from a subset of participants unable to
fast. For the purposes of the research
presented here, data were restricted to the 307
adult participants (age.18 years at Year 3)
who had blood collected in the fasting state.
The clinical features of SARP participants with
or without fasting bloodmeasures did not
differ significantly (seeTable E1 in the online
supplement). Complete details of the SARP-3
protocol have been described previously (8),
and a summary is presented in the
supplemental appendix (Figure E1 and Table
E2). To facilitate the research presented here,
an additional questionnaire was completed by
each participant at Year 3 visit to gather
information about theirmetabolic health. This
comprehensivemetabolic health
questionnaire collected data about history of
metabolic disease (e.g., hypertension, diabetes,
gout) andmedications for these diseases
(includingmedications for diabetes and lipid
disorders). All participants signed an
informed consent, adherent to theDeclaration
ofHelsinki and approved by the Institutional
Review Boards of each center and theNHLBI
Data and SafetyMonitoring Board.

Blood Measures of Metabolic
Dysfunction
Participants fasted for at least 12 hours prior
to blood sampling. Glucose, insulin, and lipid
panels were analyzed from plasma samples
prepared from whole blood using Fisher
(Fisher Scientific) lithium heparin tubes
(cat# 02–687–97). Whole blood was collected
and plasma was prepared for measures of
HbA1c using Fisher (Fisher Scientific)
plasma-EDTA tubes (cat# 02–689–03).
Plasma was stored at each of the clinical sites
at280�C, shipped toWashington University
on dry ice, andmeasurements were
performed in batch at the Clinical Laboratory
Improvement Amendments certified clinical

laboratory at theWashington University
School of Medicine, St. Louis, MO (10).

Calculations of Obesity and Metabolic
Dysfunction
Classification of obesity, waist circumference,
and waist-to-hip ratio (WHR) were
determined according to theWorld Health
Organization (WHO) definitions (11). Body
mass index (BMI kg/m2) was used to classify
participants as normal (,25), pre-obese
(25–29.99), obese class 1 (30–34.99), obese
class 2 (35–39.99), or obese class 3 (>40).
Waist circumference was considered
increased at.40 inches in men and.35
inches in women andWHRwas considered
abnormal at.0.9 in men and.0.85 in
women (12). The definition of metabolic
syndrome was defined per National
Cholesterol Education Program
guidelines (13).

The homeostatic model assessment of
insulin resistance (HOMA-IR) estimates
steady-state b-cell function and insulin
sensitivity by multiplying the fasting plasma
glucose (mg/dl) value by the serum insulin
(mIU/ml) value divided by 405 (14).
HOMA-IR values,3 were classified as
without IR, 3–5 were classified asmoderate IR,
and.5 were classified as severe IR (14, 15).

Treatment Response to Asthma
Medications
Maximum bronchodilator reversibility
testing (MBRT) was performed at the
baseline visit and each annual in-person visit
thereafter. MBRT involved measures of
spirometry after up to 720 ug of inhaled
albuterol, as previously described (8). The
SARP-3 protocol also included a systemic
corticosteroid response test (SCRT) which
involved an intramuscular injection of
triamcinolone acetonide (40 mg) at the
baseline visit and repeat characterization
(includingMBRT) on a visit 2–4 weeks later
(16). The change in FEV1% was calculated by
the absolute change in FEV1% predicted after
and before drug challenge.

Statistical Methods
The data analyzed and presented were largely
from the Year 3 characterization visit because
themetabolic phenotyping occurred at this
visit. Data from other yearly visits, including
the baseline visit and through Year 5 visits, are
analyzed for longitudinal lung function
outcomes and outcomes related to treatment
responses (as indicated in the results text).
Statistical analyses were performed with the

JMP 12 software package (SAS Institute), Stata
15.0 (StataCorp), and R statistical package. P
values of less than 0.05 were taken as
statistically significant. Nonparametric tests of
trend were utilized to compare clinical traits
across insulin resistance subgroups. Because
our predictor variable (HOMA-IR subgroups)
was ordinal, we utilized Cuzick nonparametric
tests of trend to determine the association
between worse insulin resistance and clinical
traits. Data was also analyzed using linear
regression with the HOMA-IR as a
continuous predictor variable (Table E3).
Linear regressionmodels were informed by
directed acyclic graphs (DAGs) andminimal
adjustment sets required for regression
modeling were identified using the web-based
“DAGitty” platform (17). Themodels were
developed to accomplish the study objective to
determine the independent causal effect of IR
on lung function (17). The DAG identified age
at study enrollment, asthma exacerbations,
BMI, and systemic corticosteroids in the
minimal sufficient adjustment set
(Figure E2A). Because the association between
plasma IL-6 and IR is unknown, we also
performed a sensitivity analysis that included
adjustments for plasma IL-6, and additional
adjustments for race and high-dose inhaled
corticosteroids (Figure E2A). None of these
additional sensitivity analyses altered our
results (supplemental appendix). Multilevel
mixed-effects linear regression was utilized to
determine the impact of insulin resistance on
longitudinal changes of lung function.
Random effects were incorporated as random
intercepts at the participant level. Because the
outcome of interest in these models (lung
function) was measured at annual intervals we
modeled time as a continuous linear variable
to determine the annual change in lung
function and this was performed using an
interaction term betweenHOMA-IR
subgroups and year of study follow up. As a
complementary approach we also fit a point-
to-point model. This approach did not force
the data into a linear function and instead
modeled lung function at each distinct visit.
The “margins” command in Stata was used to
estimate themarginal means of our outcome
variables (FEV1 and FVC) at each of the
insulin resistance subgroups over the 5 years
of longitudinal follow-up. The contrast
command in Stata was used to compare the
change in lung function over time between
HOMA-IR subgroups which utilizes an
ANOVA comparison test (18). In all models,
without IR was considered the group of
reference. Informed by our DAGwe also
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repeated all mixed effects models controlling
for the potential confounding effects of BMI,
age at time of study enrollment, systemic
corticosteroid exposure, and annual number
of asthma exacerbations.

Results

Obesity and Metabolic Impairment
Are Common in the SARP-3 Cohort
BMI was increased in themajority of
participants (Figure 1A) and the percentage of
participants with a BMI greater than 40
(WHO obesity class III) was similar to the
percentage of participants with a normal BMI
(Figure 1A). Values for waist circumference
and waist-to-hip ratio were also increased in
the majority of participants (Figures 1B and
1C). Abnormal values for blood insulin and
HbA1c were more frequent than abnormal
values for fasting blood glucose (Figures
1D–1F). The homeostatic model assessment
(HOMA) is used to quantify IR, and
HOMA-IR values were abnormal (.3.0) in
nearly half the participants (Figure 1G).

Asthma Participants with IR have
Systemic Inflammation, Dyslipidemia,
and more Severe Asthma
Compared with participants without IR,
those with moderate or severe IR were

characterized by high BMI, high waist
circumference, high waist/hip ratio, high
frequency of a diagnosis of hypertension or
diabetes, increased frequency of sleep apnea,
and a high frequency of metabolic syndrome
(Table 1). In addition, participants with
moderate or severe IR were characterized by
systemic inflammation (high values for blood
white blood cells, blood neutrophils, and
plasma interleukin-6) and dyslipidemia (high
blood triglycerides and low cholesterol high-
density lipoproteins) (Table 1). Furthermore,
participants with moderate or severe IR were
also characterized by lower (worse) scores on
the Asthma Control Test (19), and by a
higher frequency of severe asthma based on
the European Respiratory Society (ERS)/
American Thoracic Society (ATS) Task
Force definition of severe asthma (20) (while
participants with moderate or severe IR
experienced more frequent exacerbations,
this difference did not reach statistical
significance) (Table 1). Finally, participants
with IR were characterized by a lower
sputum eosinophil percentage (Table 1).

Relationship between IR, BMI, and
Cross-sectional Lung Function
Measurements
BMI correlated strongly with the HOMA-IR
(rho 0.57, P, 0.001), but the relationship
was not uniform, and significantly sized

subgroups of participants had obesity
without IR (21%) or IR without obesity
(11%) (Figure E2B). Compared with
participants without IR, those with moderate
or severe IR were characterized by lower
values for FEV1 and FVC, and this was true if
either pre-bronchodilator (BD) or post-BD
values were used in the analyses (Table 1).
The post-BD FEV1 trended lower in
participants with moderate IR and was
significantly lower in those with severe IR
(Figure 2A). The post-BD FVCwas
significantly lower in participants with
moderate and severe IR (Figure 2B). Due to
the parallel fall in the FEV1 and FVC, the
FEV1/FVC ratio did not differ between
participants with moderate IR or severe IR
when compared with participants without IR
(Table 1). We addressed the possibility that
the relationship between IR and low lung
function is confounded by the mechanical
impact of obesity in two ways. First, we
used linear regression to control for BMI
(and age). In these analyses we also
continued to find that post-BD FEV1 and
FVCwere lower in participants with IR,
especially in those with severe IR (Figures 2C
and 2D). Second, we restricted the analysis
between HOMA-IR and lung function to
participants with morbid obesity (WHO
class-III, BMI>40 kg/m2). In this analysis,
we found that FEV1 and FVC inmorbidly
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Figure 1. Measures of obesity and insulin resistance in the SARP-3 cohort. (A) Percentages of participants whose body mass index (BMI) (kg/m2)
falls within the five World Health Organization categories of obesity. (B) Percentage of participants with increased waist circumference (defined as
.40 in for men and.35 in for woman. (C) Percentage of participants with increased waist/hip ratio (defined at.0.9 for men and.0.85 for woman).
(D) Percentage of participants with an increased fasting blood glucose (defined as.125 mg/dl). (E) Percentage of participants with an increased
fasting blood insulin (defined as .25 mIU/L). (F and E) Percentage of participants with normal glycated-hemoglobin (HbA1c) (,5.7%), increased
HbA1c (5.7–6.5%), or diabetes level HbA1c (.6.5%). (G) Percentage of participants with homeostatic model assessment of insulin resistance
(HOMA-IR) (molar units) that is normal range (,3), moderately increased (3–5), or severely increased (.5).
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Table 1. Characteristics of Asthma Participants with Insulin Resistance

HOMA-IR<3.0 Without
Insulin Resistance

(n=167)

HOMA-IR 3.0–5.0
Moderate Insulin
Resistance (n=63)

HOMA-IR>5.0
Severe Insulin

Resistance (n=77)

P Value
Test for
Trend*

Demographics
Age, ys 52 (15) 52 (14) 52 (12) 0.73
Female, n (%) 120 (72) 47 (75) 47 (61) 0.13

Race, n (%) 0.12
Asian 6 (4) 1 (2) 1 (1) —
Black 31 (19) 21 (33) 25 (33) —
Other 12 (7) 4 (6) 3 (4) —
White 118 (71) 37 (59) 48 (62) —

Clinical Features of Obesity
Body mass index (kg/m2) 29.1 (6.2) 33.6 (8.7) 37.7 (6.7) ,0.001
WHO obesity categories, n (%) ,0.001
,25 44 (26) 6 (10) 0 (0) —
25–30 59 (35) 20 (32) 8 (10) —
30–35 36 (22) 16 (25) 24 (31) —
35–40 19 (11) 11 (18) 16 (21) —
.40 9 (5) 10 (16) 29 (38) —

Waist circumference (in) 37.0 (5.4) 41.0 (6.7) 46.4 (6.3) ,0.001
Waist/hip ratio 0.88 (0.08) 0.90 (0.09) 0.97 (0.10) ,0.001
History of diabetes, n (%) 10 (6) 7 (11) 22 (29) ,0.001
Taking diabetes medications, n (%) 6 (4) 4 (6) 16 (21) ,0.001
History of sleep apnea 30 (18) 13 (21) 30 (39) ,0.001
Diagnosis of hypertension n (%) 53 (32) 32 (52) 42 (54) ,0.001
Metabolic syndrome, n (%) 10 (6) 13 (21) 32 (42) ,0.001

Blood Measures of Metabolic Dysfunction
Triglycerides (mmol/L) 100 (54) 129 (67) 155 (94) ,0.001
Cholesterol LDL (mg/dl) 112 (31) 119 (36) 108 (29) 0.38
Cholesterol HDL (mg/dl) 65 (19) 55 (14) 51 (16) ,0.001
HbA1c (%) 5.4 (0.7) 5.5 (0.5) 6.4 (1.5) ,0.001
Blood WBC cells/L 6.4 (1.8) 7.3 (2.4) 8.4 (3.1) ,0.001
Blood neutrophils cells/ul 3,808 (1,434) 4,409 (1,972) 5,154 (2,710) ,0.001
Plasma IL-6 (pg/ml)† 2.5 (2.3) 3.5 (2.3) 3.9 (2.3) ,0.001

Asthma Characteristics
High dose ICS, n (%) 83 (50) 38 (58) 53 (69) 0.007
Oral daily OCS, n (%) 17 (10) 10 (15) 12 (16) 0.19

Pre-BD spirometry data
FEV1 (% predicted) 76.4 (20.5) 70.9 (21.0) 68.3 (18.1) 0.001
FVC (% predicted) 88.3 (17.5) 81.5 (17.0) 78.3 (15.4) ,0.001
FEV/FVC ratio 85.3 (12.1) 85. 4 (13.2) 86.2 (11.4) 0.50

Post-BD spirometry data
FEV1 (% predicted) 86.1 (19.5) 80.7 (19.1) 76.1 (17.9) ,0.001
FVC (% predicted) 94.8 (16.2) 89.5 (14.6) 83.9 (14.8) ,0.001
FEV/FVC ratio 90.4 (11.1) 89.6 (13.0) 904 (11.7) 0.94

Score on ACT§ median (IQR) 20 (16–22) 19 (15–22) 19 (14–21) 0.006
Asthma exacerbations over 5 yr‡ (IRR) ref 1.2 (0.8–1.7) 1.5 (1.0–2.1) 0.12
ATS criteria severe asthma, n (%) 76 (46) 34 (54) 51 (66) 0.003
Blood eosinophils cells/ul 238 (214) 252 (265) 237 (177) 0.45
Sputum eosinophils% median§ (IQR) 0.6 (0.1–3.7) 1 (0.2–5.0) 0.2 (0.1–0.9) 0.04
Sputum eosinophil .2%, n (%) 41 (34) 16 (37) 6 (13) 0.02
Sputum neutrophils% median§ (IQR) 62 (46–76) 60 (45–72) 63 (50–77) 0.87

Definition of abbreviations: ACT=asthma control test; BD=bronchodilator response; HDL=high-density lipoproteins; HOMA-IR=homeostatic
model of insulin resistance; ICS= inhaled corticosteroids; IQR= interquartile range; IRR= incident rate ratio; LDL= low-density lipoproteins;
WHO=World Health Organization.
Data are presented from the Year 3 visit. Data are reported as mean (SD) unless otherwise indicated.
*P values for association based upon Cuzick nonparametric tests for trend.
†Plasma IL-6 was measured in 157 participants.
§Scores on ACT range from 25 to 5 with lower scores indicating worse asthma control.
‡Asthma exacerbations defined as a course of oral corticosteroids.
§Sputum cell percentages were available on 208 participants.
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Figure 2. Lung function is lower in asthma patients with insulin resistance (IR). (A) The post-bronchodilator (BD) FEV1% is lower in those with
severe IR than in those without IR. (B) The post-BD FVC% is significantly lower in participants with moderate IR and severe IR than in those
without IR. (C) The covariate controlled post-BD FEV1% predicted is lower in participants with moderate and severe IR than in those without IR.
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obese participants without IR was normal or
nearly so and that morbidly obese
participants with IR had lower lung function,
and it was especially low in those with severe
IR (Figures 2E and 2F).

Asthma Participants with Insulin
Resistance have Blunted Responses
to Albuterol and Systemic
Triamcinolone Acetonide (TA)
A feature of the SARP-3 protocol is that it
included a maximum bronchodilator
reversibility test (MBRT) to albuterol and a
systemic corticosteroid response test (SCRT)
to intramuscular triamcinolone acetonide
(TA). The MBRT was performed at the
baseline and Year 3 visits, and the SCRT was
performed at the baseline visit only. This
allowed us to explore the effect of IR on data
generated in theMBRT and SCRTs.
Compared with participants without IR, we
found that the FEV1 response to albuterol
was significantly lower in those with severe
IR, and this blunted response was evident in

MBRTs performed at both baseline and
Year 3 visits (Figure 3A). Compared with
participants without IR, we found that the
FEV1 response to systemic TA was
significantly lower in those with moderate
and severe IR (Figure 3B).

Asthma Participants with IR have
Accelerated Loss of Lung Function
Using multilevel mixed effects linear
regression modeling, we evaluated the
annual decline in lung function (ADLF) in
participants with and without IR. In these
analyses we evaluated FEV1 and FVC
measurements and the FEV1% predicted and
FVC% predicted from the annual visits
starting at baseline and through Year 5.
We found that the annual decline in FEV1

and FVC in participants with moderate or
severe IR was significantly greater than in
those without IR (Table 2, Figures 4A and
4C). The age-corrected FEV1% and FVC%
predicted measures demonstrated similar
results. Specifically, in participants without

IR, the ADLF was similar to the anticipated
rate of decline that occurs normally during
aging resulting in a minimal change in
FEV1% or FVC% predicted values over the
5-year follow-up (Table 2, Figures 4B and
4D). However, in participants with moderate
IR or severe IR, the loss of lung function
exceeded the loss anticipated with normal
lung aging, resulting in declining FEV1%
predicted and FVC% predicted values
(Table 2). These findings did not change
significantly in models that corrected for
BMI, age of study enrollment, blood
eosinophil cell counts, systemic corticosteroid
exposure, and annual number of asthma
exacerbations (Table 2, Figures 4B and 4D).
Furthermore, this decline in lung function
occurred despite a minimal change in BMI
over time (Figure 4E). Specifically, the BMI
did not change significantly over time in
participants without IR, or participants with
moderate IR, but increased slightly in
participants with severe IR (0.17 kg/m2

per year, P, 0.008) (Figure 4E).

Figure 2. (Continued ). (D) The covariate controlled post-BD FVC% predicted is lower in participants with severe IR than in those without IR.
(E). In participants with Class III obesity (n=48), the post-BD FEV1% trend is lower in participants with severe IR than in participants without IR.
(F). In participants with Class III obesity, the post-BD FVC% is significantly lower in participants with moderate and severe IR than in those
without IR. *Indicates significantly different from control (participants without IR), P , 0.05; **Indicates significantly different from control
(participants without IR), P , 0.01. HOMA-IR=homeostatic model of insulin resistance.
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Figure 3. Lung function responses to asthma medications are decreased in asthma patients with insulin resistance (IR). (A) The increase in
FEV1 following inhaled albuterol was significantly lower in patients with severe IR at both the baseline and 3-year visits. (B) The increase in FEV1

following intramuscular triamcinolone acetonide (TA) was significantly lower in participants with moderate and severe IR than in those without IR
(TA data from the baseline visit). Dashed red line is the median value in participants without IR. *Indicates significant difference from control
(participants without IR), P,0.05. HOMA-IR=homeostatic model of insulin resistance; MBRT=Maximum bronchodilator reversibility testing;
SCRT= systemic corticosteroid response test.
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Discussion

Obesity is a growing and global epidemic
(21), and poor metabolic health in obese
patients is associated with heart and brain
dysfunction (13, 22). Obesity-associated
metabolic disease includes insulin resistance
(IR), but the effect of IR on lung health is
poorly understood. We found that IR is
common in the SARP-3 cohort and that
the subset of participants with IR is
characterized by more severe airflow
limitation in cross-sectional analyses and by
accelerated loss of lung function in
longitudinal analyses.

The SARP-3 cohort is a valuable
resource for studying the effects of obesity
and obesity-associated metabolic dysfunction
on lung function in asthma. Amajority of
the cohort are obese, and we show here that
nearly half have insulin resistance (IR). The
overlap in subgroups with obesity and IR is
not complete with about a quarter of the IR
subgroup not having obesity and about a
third of the obese participants not having IR.
Amain finding of our study is that cross-
sectional analyses at the Year 3 visit shows
that FEV1 and FVC values are lower in
participants with IR than in those without IR.
This association is not explained by obesity
in participants with IR, because the
association between IR and lower lung

function survives correction for BMI in
regression models. And in analyses confined
to participants with morbid (WHO class III)
obesity, the FEV1 and FVC values are much
lower in the subgroup with IR than in
those without IR. Thus, IR independently
associates with low lung function in
asthma and body mass effects on chest wall
mechanics are unlikely to explain this
association.

The longitudinal design of the SARP-3
cohort allowed us to explore how IR affects
longitudinal decline in lung function. For
these analyses we looked both “backward”
from the year 3 measurement of IR to lung
function measures at 0, 1, and 2 years and
“forward” to lung function measures at Years
4 and 5. In this way, we uncovered that
asthma participants with IR hadmarkedly
accelerated decline in lung function. Declines
in FVCmirrored those in FEV1 so that there
was a parallel acceleration in the reduction in
FEV1 and FVC in participants with IR with
preservation of the FEV/FVC ratio. The
decline in FEV1 in patients with IR was
approximately 25–30 ml per year greater
than in those without IR, an effect
significantly larger than the approximately
5 ml per year previously reported in cohort
studies in patients that were not selected for
an asthma diagnosis (5, 6). Thus, IR and
asthmamay be additive or interactive

morbidities in terms of their effects in lung
function over time. Furthermore, by
analyzing the FEV1% predicted and FVC%
predicted values over time, we demonstrate
that participants with IR experience
accelerated declines in lung function beyond
the decline anticipated with normal
aging (23). These findings support an
important and underappreciated role of IR
as a key risk factor for accelerated lung
function decline in asthma. Our study
design does not allow us to determine the
mechanism of the effect of IR on loss of lung
function. IR is a feature of aging, and aging
in turn causes premature airway closure
which can result in airway injury (24). Thus,
one possibility is that IR accelerates aging-
related lung pathology. Another possibility
is that insulin directly mediates airway
dysfunction by activating airway immune
cells and structural cells to mediate airway
inflammation and airway narrowing (25, 26).
Insulin levels are high in IR participants and
insulin is a pleotropic hormone with broad-
based effects on endothelial cells (27, 28).
For example, IR shifts insulin signaling in
endothelial cells away from the protective
phosphoinositide 3-kinase pathway to the
more deleterious mitogen-activated protein
kinase pathway that generates the PAI-1
(prothrombotic plasminogen activator
inhibitor), among other mediators of

Table 2. Effect of HOMA-IR on Annual Decline in Lung Function (n=307)

Unadjusted Adjusted*

Effect (95% CI) P Value Effect (95% CI) P Value

Decline in FEV1 ml/yra

HOMA-IR, 3 212 (219 to 26) Ref 213 (219 to 26) Ref
HOMA-IR 3–5 244 (256 to 233) ,0.001 240 (252 to 229) ,0.001
HOMA-IR. 5 238 (248 to 227) ,0.001 232 (242 to 223) 0.001
Decline in FEV1%/yra

HOMA-IR, 3 0.3 (0.0 to 0.6) Ref 0.4 (0.1 to 0.6) Ref
HOMA-IR 3–5 20.9 (21.3 to 20.6) ,0.001 20.8 (21.2 to 20.4) ,0.001
HOMA-IR. 5 20.7 (21.0 to 20.3) ,0.001 20.5 (20.8 to 20.2) ,0.001
Decline in FVC ml/yra

HOMA-IR, 3 217 (225 to 29) Ref 217 (225 to 29) Ref
HOMA-IR 3–5 247 (260 to 234) ,0.001 243 (256 to 231) ,0.001
HOMA-IR. 5 240 (251 to 228) 0.002 234 (245 to 223) 0.02
Decline in FVC %/yra

HOMA-IR, 3 0.2 (0.0 to 0.4) Ref 0.3 (0.0 to 0.5) Ref
HOMA-IR 3–5 20.9 (21.2 to 20.5) ,0.001 20.7 (21.1 to 20.4) ,0.001
HOMA-IR. 5 20�6 (20.9 to 20.2) ,0.001 20.4 (20.7 to 20.1) 0.001

Definition of abbreviations: CI = confidence interval; HOMA-IR=homeostatic model of insulin resistance.
*Adjusted models control for effect of body mass index, age at enrollment, systemic corticosteroid exposure, and annual number of asthma
exacerbations.
†P values compare the annual change in lung function to the reference group of HOMA-IR, 3 using ANOVA tests with the contrast function in
STATA.
aLung function measured after maximum bronchodilator reversibility testing.
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thrombosis and vascular occlusive disease
(28, 29). In addition, insulin has been shown
to directly induce airway fibroblast collagen
deposition and can cause airway
hyperresponsiveness (26). Our data provide
strong rationale to further investigate the
effect of insulin on airway cell biology and
function.

Our finding that the lung function
responses to inhaled albuterol or systemic
triamcinolone acetonide were lower in IR
participants than in those without IR has
important implications for managing
asthma participants with IR. For albuterol
the lack of effect was more prominent in
participants with severe IR, whereas for
triamcinolone the lung function response
was equally prominent in participants

with moderate and severe IR. It is relevant
here that the IR participants have a low
sputum eosinophil percentage, a marker
of airway type 2 inflammation that is
known to predict albuterol and
triamcinolone responses in this cohort
(30, 31). The relative absence of type 2
airway inflammation in asthma
participants with IR may help explain our
finding that patients with IR were
characterized by blunted treatment
responses to albuterol and triamcinolone.
The limited effect of triamcinolone is
important because corticosteroids are the
primary controller medicine utilized for
asthma therapy. The relative absence of
type 2 inflammation in participants with
IR make it unlikely that they will be good

candidates for therapeutic proteins that
target the type 2 pathway. Our work,
therefore, uncovers a major unmet
therapeutic need for medicines to improve
asthma control in patients with IR. One
possibility is that treating IR could
improve disease control in these patients,
but this will require clinical trials.

The HOMA-IR subgroups of 3–5 and
.5 reflect a severity scale for degree of
insulin resistance, and we found several
clinical differences between participants with
HOMA-IR values.5 compared with those
with values between 3–5. Chief among these
was a higher BMI, a higher prevalence of
metabolic syndrome, and lower lung
function. However, we did not find a
difference in the rate of decline in lung
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Figure 4. Post-bronchodilator (BD) lung function in the 3 years before and 2 years after metabolic phenotyping. (A) The decline in FEV1 (L) over
time is faster in participants with moderate insulin resistance (IR) and severe IR than in participants without IR. (B) The decline in FEV1%
predicted is faster in participants with moderate IR and severe IR than in participants without IR. (C) The decline in FVC (L) over time is faster
in participants with moderate IR and severe IR than in participants without IR. (D) The decline in FVC % predicted is faster in participants with
moderate IR and severe IR than in participants without IR. (E) BMI did not change significantly in participants without IR and in participants with
moderate IR, but increased slightly (0.17 kg/m2 per year) in participants with severe IR (P=0.008). The homeostatic model assessment of insulin
resistance (HOMA-IR) was measured at the Year 3 (metabolic phenotyping) visit (shaded orange). Error bars indicated 95% confidence interval
for the marginal effect. Wald test for the interaction using the delta method was used to test that the change in lung function over time differed
between HOMA-IR subgroups.
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function over time between moderate or
severe IR participants. These findings suggest
that the severity of IR is not a principle factor
in driving lung function decline in asthma
participants with IR.

In conclusion, IR is common in severe
asthma and is associated with decreased lung
function, decreased lung function responses
to b-adrenergic agonists and corticosteroids,
and increases in the rate of decline in lung
function over time. The effects of metabolic
dysfunction on lung function in asthma are

observed independent of the effects of BMI.
These results provide rationale to consider
clinical trials that test whether treatments for
insulin resistance prevent accelerated loss of
lung function in asthma (32).�
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