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Abstract

Background: Asthma and obesity are major public health
problems, affecting hundreds of millions of people worldwide.
Obesity is associated with increased asthma risk and severity, and
lower asthma-related quality of life.

Objective: In this systematic review, we aimed to evaluate whether
weight loss in subjects with obesity and asthma leads to
improvement in asthma-related outcomes.

Data Sources and Extraction: We searched PubMed and
Google Scholar for all studies in English published January 2000-
December 2018. Studies were included if they were randomized,
controlled clinical trials (RCTs) for overweight/obese children or
adults with asthma, with sufficient data to assess outcomes and
study quality. Non-randomized and non-controlled studies were
excluded, as well as those in subjects without overweight/obesity, or
with non-asthmatic controls.

Synthesis: We identified four RCTs involving children (total n =
246) and six involving adults (n = 502). All interventions were
designed for weight loss and varied from dietary restrictions to

multifactorial interventions with exercise training and cognitive
behavioral therapy; the duration of intervention ranged from 8
weeks to 18 months. All RCTs reported successful improvements in
weight or body mass index (20.14 standard deviation scores to
215.9% BMI reduction in children, 1.8%–14.5% weight loss in
adults). RCTs generally reported improvements in asthma-related
quality of life and, to some degree, asthma control. RCTs involving
adults also reported improvements in lung function (FEV1, FVC,
TLC), while RCTs in children showed less consistent results.

Conclusions: These findings suggest that weight loss in subjects
with obesity and asthma may improve asthma outcomes. However,
there was wide variability in populations studied, baseline and post-
intervention assessments, follow-up length, outcome definition
and reporting, and statistical approaches, which hindered the
ability to compare studies, perform a pooled analysis, or assess
generalizability.
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Asthma affects more than 230 million people
worldwide (1, 2). In the United States alone,
asthma results each year in millions of missed
days of school and work, almost 2 million
emergency department visits, more than
400,000 hospitalizations, and 3,400 deaths (3).

Total asthma costs reachz$82 billion per year
in the United States (4) and zV72 billion in
Europe (5, 6).Moreover, the number of people
living with asthma has markedly increased
over the past several decades (3). Although the
causes for this increase are unclear, the reasons

are likely multifactorial and include changes in
microbial exposures in early life (the “hygiene
hypothesis” [7]), environmental exposures
(e.g., increased air pollution), and
unhealthy lifestyle behaviors (e.g., obesity,
sedentary lifestyle, and poor nutrition).
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In parallel with the increasing
prevalence of asthma, there has been a steady
increase in obesity. Worldwide, more than
650 million adults and 380 million children
are obese (8). In the United States alone,
obesity affects z40% of adults and z20% of
youth (9). Recent estimates predict that
nearly 60% of today’s children will be obese
by the age of 35 years (10). Obesity is
associated with numerous health risks,
including type 2 diabetes, hypertension,
cardiovascular disease, and cancer (11).
Likewise, obesity increases the risk of asthma
and, at least in some individuals, is associated
with worse asthma severity and control—a
phenomenon increasingly recognized as the
obese asthma phenotype (12, 13). Proposed
mechanisms linking obesity and asthma
include increased mechanical load on the
lungs, increased airway or systemic
inflammation, insulin resistance and
alterations in glucose metabolism, or changes
in the microbiome, among others (14, 15).

The impact of lifestyle interventions
targeting weight loss and improved fitness in
other chronic diseases has been well
established: even modest weight loss can
result in significant benefits to overall
individual health, and weight management
reduces the risk of obesity-associated
conditions (16, 17). However, only recently
have studies started to focus on the effect of
weight loss on asthma in obesity, and
previous reviews on the topic have only
included a small number of noncontrolled
studies and few, if any, randomized
controlled clinical trials (RCTs) (18, 19). In
this review, we assess the current RCT-based
evidence on the effect of weight loss for
children and adults with obesity and asthma.

Methods

A literature search was conducted using
PubMed and Google Scholar for all studies
from January 2000 to November 2018, using
search terms (“weight loss”[MeSH Terms]
OR (“weight”[All Fields] AND “loss”[All
Fields]) OR “weight loss”[All Fields]) AND
(“asthma”[MeSH Terms] OR “asthma”[All
Fields]). In addition, relevant articles were
cross-referenced for additional studies.
Inclusion criteria were: 1) RCTs, 2)
interventions designed for weight loss as
reported by the original study authors and
verified during this review, 3) involving
overweight or obese children or adults with
asthma, 4) sufficient data reported to assess

outcomes and study quality, and 5) published
in English. Exclusion criteria were: 1)
nonrandomized or noncontrolled studies, 2)
studies in subjects without asthma, 3) studies
in subjects without overweight/obesity, or 4)
not enough data reported to evaluate changes
among overweight/obese subjects with
asthma. Study quality, design, interventions,
and results were evaluated independently by
two researchers (W.O. and K.D.L.), with any
discrepancies resolved by discussion and
consensus or, if needed, by arbitration (E.F.).
Both researchers also extracted and
compared results from all studies with the
aim of performing a meta-analysis if feasible.

We focused on four groups of
outcomes: weight loss or improvement in
body composition, changes in lung function,
inflammatory biomarkers (systemic or
related to the airways), and asthma-related
quality of life (AR-QOL) and symptom
control. The Cochrane Risk of Bias tool (20)
was used to assess the quality of each study.
Each criterion was assessed and categorized
as having low risk, unclear risk, or high risk
of bias. The protocol for this systematic
review was prospectively registered in
the International Prospective Register
of Systematic Reviews, PROSPERO
(CRD42018085045), and the review was
conducted following the 2009 Preferred
Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement (21).

Results

A diagram of the search process can be
found in Figure 1. We found a total of 10
RCTs that qualified for inclusion in this
review: 6 in adults and 4 in children/
adolescents. A pooled analysis was not
feasible because of the small number of
RCTs and the wide differences in the
interventions, the comparator groups, the
outcomes reported, and/or the units used.

RCTs in Pediatric Populations
We found four RCTs evaluating weight loss
in overweight/obese children with asthma
(total n = 246; Table 1) (22–25). The
interventions used varied markedly
among the four studies: Abd El-Kader
and colleagues (22) and Willeboordse and
colleagues (25) used multifactorial
interventions with exercise sessions and
nutritional counseling; Willeboordse and
colleagues (25) also incorporated cognitive
behavioral therapy for study participants

and their families. Luna-Pech and colleagues
(24) and Jensen and colleagues (23) instead
focused on nutritional interventions only,
using normocaloric and restrictive diets,
respectively. The interventions varied in
duration from z8 to 10 weeks (Abd El-
Kader and colleagues [22] and Jensen and
colleagues [23]) to 28 weeks (Luna-Pech and
colleagues [24]). Risk of bias ranged from
low to high (Table 2). Of note, Willeboordse
and colleagues included children with
asthma as well as children at “high risk” of
asthma because of family history (25).

Weight Loss
All four RCTs involving children reported
significant reductions in body mass
index (BMI) among participants in the
intervention group compared with baseline:
Jensen and colleagues (23) reported a 20.2
(95% confidence interval, 20.4 to 20.1)
BMI z-score reduction, Abd El-Kader and
colleagues (22) reported a 215.9% BMI
reduction (no confidence interval reported),
Luna-Pech and colleagues (24) reported a
change in BMI z-score from 2.186 0.3 at
baseline to 1.666 0.2 postintervention, and
Willeboordse and colleagues (25) reported a
BMI–standard deviation score reduction of
20.146 0.29. All trials except Willeboordse
and colleagues showed statistically significant
differences in BMI reduction between the
intervention and control group; Willeboordse
and colleagues reported a significant BMI
reduction in the control group (BMI–standard
deviation score, 20.126 0.34) in addition to
the intervention group and noted that 29 of 44
control group participants sought professional
weight loss help outside the study (25).
Associations between the intervention type
and the resulting weight loss could not be
reasonably assessed because of the small
numbers of trials. The importance of trial
duration was also unclear: Luna-Pech and
colleagues (24) reported that the most
significant effects on BMI reduction were seen
after 10 weeks and achieved statistical
significance only after 20 weeks, whereas the
other studies found significant results in less
than 10 weeks.

Lung Function Changes
None of the pediatric studies reporting forced
expiratory volume in 1 second (FEV1) or
FEV1/forced vital capacity (FVC) found
significant differences between groups (23–
25). Willeboordse and colleagues reported a
significant improvement in FEV1 (percent
predicted) after 18 months in both
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intervention and control groups (90.5–99.7%
and 89.3–95.1%, respectively) with no
significant between-group differences (25).
They also reported a significant between-
group difference in FVC (percent predicted)
improvement, with a mean increase of 10.1%
in the intervention arm.

Expiratory reserve volume (ERV) is
decreased in children with asthma and
obesity (26), making it another potential
disease severity marker. Jensen and
colleagues (23) and Willeboordse and
colleagues (25) reported within-group
improvements in ERV in their intervention
arms (i.e., compared with baseline), but
these were not statistically different than
the control subjects. Total lung capacity
(TLC) improved in both arms in the study
by Willeboordse and colleagues (25), with
no between-group differences, whereas
Jensen and colleagues (23) reported no
changes in TLC in either arm. Jensen
and colleagues further reported that
residual volume (RV) and RV/TLC,
which may be used to evaluate asthma-
related airway obstruction and air
trapping, significantly improved in the

intervention group compared with
baseline (mean improvement, 20.4 L
for RV and 26.9% for RV/TLC),
although again with no between-group
differences (23).

Inflammatory Markers
Jensen and colleagues (23) reported that
decreases in exhaled nitric oxide (FENO, a
marker of eosinophilic airway inflammation
[27]) correlated with the reduction in BMI
z-score (r = 0.46, P = 0.034) during their
trial; they also noted a decrease in C-reactive
protein (CRP) in their intervention
group, with a significant between-group
difference (P = 0.037). Abd El-Kader and
colleagues (22) reported decreases in
leptin and interleukin (IL)-6 and increases
in adiponectin in the intervention
group compared with control subjects,
whereas Jensen and colleagues (23) and
Willeboordse and colleagues (25) did not
observe significant changes in any of these
adipokines. Abd El-Kader and colleagues
(22) also reported decreases in tumor
necrosis factor-a and IL-8, both of which
can be increased in asthma (28, 29) and in

obesity (30, 31), in the intervention arm
compared with control subjects.

AR-QOL and Symptom Control
Two studies reported on AR-QOL using
the Pediatric Asthma Quality of Life
Questionnaire, which measures AR-QOL
for children on a seven-point scale, in which
higher scores indicate better AR-QOL (32):
Luna-Pech and colleagues (24) found a
mean overall Pediatric Asthma Quality of
Life Questionnaire increase of 0.8 points in
the intervention arm that was significantly
greater than in the control subjects, and
Willeboordse and colleagues (25) reported
a mean increase of 0.48 points in the
intervention group (P, 0.05) that
approached but did not reach statistical
significance compared with their control
subjects (P = 0.06). Jensen and colleagues
(23) measured asthma control using the
Asthma Control Questionnaire (ACQ), in
which lower scores indicate better asthma
control (33): they reported a significant
improvement in the intervention arm
compared with control subjects by amean of
20.4 points, despite the fact that the
intervention arm had a higher score at
randomization.

RCTs in Adult Populations
We found six RCTs evaluating weight loss
interventions in adults (total n = 502;
Table 3) (34–39). As with the pediatric trials,
interventions used varied widely and
included diet, exercise, and combined
approaches. All of the dietary interventions
included caloric restrictions; Scott and
colleagues (2013 [34] and 2015 [35])
used a meal replacement plan as part
of their dietary intervention, and Dias-
Júnior and colleagues (37) also included
pharmaceutical weight loss with orlistat and
sibutramine. Exercise interventions varied
from weekly sessions to twice-weekly
sessions with individual aerobic training
goals. Programs ranged in duration from 8
weeks to 18 months. Most studies had a low
to moderate risk of bias (Table 2).

Weight Loss
All RCTs involving adults successfully
achieved weight loss in their intervention
groups, which was maintained even in the
studies with longer follow-up periods:
Stenius-Aarniala and colleagues (39)
reported a weight reduction of 14.5% in the
intervention group (vs. 0.3% in the control
subjects) at the end of the 8-week program

Records identified by:

PubMed search = 507
Other resources = 0

Records screened
(title and abstract)

n = 507

Full-text articles
assessed for eligibility

n = 49

Records excluded (not
relevant or unrelated to study
aims, published before 2000)

n = 458

Full articles excluded
(languages other than

English, not RCTs, or not
relevant to study aims)

n = 39

Studies included in
systematic review

n = 10

Figure 1. Study selection overview: flow diagram of study selection. Adapted by permission from
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) statement (21).
RCTs = randomized controlled clinical trials.
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and an 11.3% reduction (vs. 2.2% gain) at
the 1-year follow-up; likewise, Ma and
colleagues (36) reported 5% and 4.1%
weight loss at 6 and 12 months (vs. 1.3% and
2.1% in the control subjects; P, 0.01 for
both). Scott and colleagues reported a
greater weight loss in the dietary (8.5%) and
combined (8.3%) groups than in the
exercise-only group (1.8%), leading the
authors to speculate that the effects were
likely due to dietary restrictions rather than
the exercise component (34). This is in
contrast to the trial by Freitas and
colleagues, which reported greater weight
loss in the combined weight loss program
(diet and exercise) than in the group with
diet and sham activity (38).

The 2015 Scott and colleagues trial
reported that men lost on average 3.6 kg
weight and 3.3 cm waist circumference
more than women (P = 0.087 and P = 0.022,
respectively); they also reported sex
differences in weight loss–associated
behaviors, with reductions in emotional
and uncontrolled eating associated with
greater weight loss in women and more
restrained eating associated with greater
weight loss in men (35). No other studies
analyzed weight loss differences between
men and women. Of note, the trial by
Freitas and colleagues included 50 women
(and only one male participant), and they
reported improvements in several body
composition and fitness outcomes (38).
Thus, the role of sex as an effect modifier in
weight loss for obese asthma warrants
further investigation.

Lung Function
Most adult RCTs reported at least one
significant lung function outcome. Stenius-
Aarniala and colleagues reported significant
between-group changes in both FEV1 and
FVC at all time points, with both FEV1 and
FVC on average 7.6% higher at 1 year in the
intervention group than in the control
subjects (39). Freitas and colleagues
reported improvements in FEV1, FVC,
and ERV compared with baseline in the
combined (weight loss plus exercise) group
(38). Dias-Júnior and colleagues reported a
significant improvement in FVC in liters
(P = 0.006 between groups) but not FVC %
predicted (37). On the other hand, the
largest RCT to date (Ma and colleagues [36],
n = 330) reported no significant changes in
FEV1 or FVC, and none of the trials found
intervention-related improvements in
FEV1/FVC.T
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TLC was measured in two studies: Scott
and colleagues’ 2013 trial (34) reported
significant improvements in TLC among the
exercise (10.13 L) and combined (10.06 L)
groups compared with the diet-only group
(P = 0.037), whereas Freitas and colleagues
found no significant improvements (38).
Similarly, Scott and colleagues (34)
reported a change in ERV in the diet arm
only (10.28 L), whereas Freitas and
colleagues (38) reported a significant
difference in ERV between arms (group3
time interaction P = 0.038).

Inflammation
In terms of airway inflammatory markers,
Freitas and colleagues (38) reported
decreased FENO in the combined
intervention group (26.8 ppb, group3
time P, 0.001), whereas Dias-Júnior and
colleagues (37) found no significant
changes. Scott and colleagues (34) reported
a slight reduction in airway eosinophilia in
the exercise group compared with baseline
(21.3%, P, 0.05), although it was not
significantly different compared with the
diet or combined groups (P = 0.76). In
addition, they reported reductions in
neutrophilic airway inflammation
associated with gynoid adipose tissue
reduction among women (P = 0.047) and
with the reduction of dietary saturated fat in
men (P = 0.041).

In addition, three of the six RCTs
involving adults (34, 37, 38) reported serum
inflammatory markers. Leptin significantly
decreased in the combined arm (mean
decrease,21.8 mg/L) in the study by Freitas
and colleagues (38), in both the dietary
(25.3 mg/L) and combined (26.2 mg/L)
arms in Scott and colleagues (34), and in
both the intervention and control arms in
Dias-Júnior and colleagues (but with no
significant between-group differences) (37).
Adiponectin levels increased in the
combined arm in Freitas and colleagues (38)
(1.1 mg/L, group3 time interaction P =
0.027), whereas Scott and colleagues (34)
reported no significant changes in any of
their groups. IL-6 decreased significantly
in the combined arm in Freitas and
colleagues (38) (20.49 pg/ml) and in the
combined arm in Scott and colleagues
(20.18 pg/ml) (34). Freitas and colleagues
also reported significant reductions and
group3 time interactions for serum IL-6,
IL-10, tumor necrosis factor-a, and vitamin
D (38). None of the three trials found
significant changes in CRP.T
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Asthma-related Quality of Life and
Symptom Control
Freitas and colleagues (38) reported a
significant improvement in AQLQ scores
in the combined group compared with the
diet only (sham exercise) control subjects,
whereas Scott and colleagues (34) reported
improvements from baseline in all of their
groups regardless of intervention. Similarly,
Scott and colleagues reported that each
1-point improvement in AQLQ score
corresponded to a 1.5% greater weight loss
after adjusting for intervention type (35). In
contrast, Ma and colleagues did not find a
significant change in the mini-AQLQ (or any
subscales) at 6 or 12 months (36). The St.
George’s Respiratory Questionnaire (in which
lower scores indicate better AR-QOL) (40)
was reported in two trials: Dias-Júnior and
colleagues (37) noted a significant between-
group difference (65.126 3.02 at baseline
and 45.476 4.42 postintervention vs. no
improvement in the control subjects; P =
0.011), and Stenius-Aarniala and colleagues
(39) reported the intervention group to be 10
points lower than control subjects at 1 year.

In terms of asthma control, Freitas and
colleagues (38) reported that 69% of
participants in the intervention group
achieved a clinically significant
improvement in ACQ (vs. 36% in the
control subjects); Scott and colleagues (34)
reported improvements from baseline in the
diet and combined groups (20.6 points and
20.5 points, respectively); and Dias-Júnior
and colleagues (37) found significant
between-group differences as well (baseline
ACQ score 3.046 0.25 and 1.646 0.19
postintervention, vs. no improvement
among control subjects). Of interest, Freitas
and colleagues reported that ACQ
reductions correlated with improvements in
aerobic capacity, FVC, and inflammatory
biomarkers (IL-6, FENO, IL-10, and
adiponectin) (38). On the other hand, Ma
and colleagues reported no significant
changes in ACQ from baseline or between
groups (36). Only Dias-Júnior and
colleagues assessed asthma control using the
Asthma Control Test: they reported a
significant improvement in the intervention
group (mean Asthma Control Test, 12.36
1.1 at baseline and 17.46 1.1 at 6 mo) (37).

Discussion

Current evidence shows that weight loss
interventions can be successful in reducing

weight and improving fitness in overweight/
obese children and adults with asthma. In
fact, one could speculate that poorer asthma
control could provide additional motivation
for these individuals to lose weight, as has
been reported for other diseases and
conditions (41). Existing RCTs also
generally tend to show improvements in
obesity biomarkers, AR-QOL, and, to a
certain extent, asthma symptom control
and other subjective measures. However,
it is less clear whether weight loss leads to
improvements in lung function or asthma-
related biomarkers, including markers of
airway inflammation. In the pediatric
trials, the large differences seen among
studies could be due to differences in the
populations studied: Abd El-Kader and
colleagues (22) included the heaviest
subjects with the lowest baseline FEV1 and
FVC, whereas Luna-Pech and colleagues
(24) and Jensen and colleagues (23) included
participants with normal baseline lung
function, which may have impacted the
probability of improvement during the
trial. In adults, several studies showed
improvements in lung function and
inflammatory biomarkers; however, the
largest trial to date (Ma and colleagues [36])
found no significant changes in any of the
outcomes they assessed. The fact that
AR-QOL improved in the absence of
objective improvements in lung function or
other biomarkers makes it difficult to
separate the general benefits of weight loss
and improved fitness from any asthma-
specific effects. Overall, however, there is
significant lack of high-quality studies
examining weight loss in a standardized
manner in both adults and children with
asthma. Thus, it is difficult to assess the
generalizability of the existing studies, and
further evidence is needed before clinical
recommendations can be made.

Although this review focused on RCTs
evaluating weight loss in obese children and
adults with asthma, the role of exercise and
improved fitness should also be studied.
Independent of obesity, improvements in
body composition and aerobic fitness
are associated with decreased systemic
inflammation (42), and exercise training
in subjects with asthma may improve
asthma control, quality of life, and airway
inflammation (43). About half of the trials
included in this review used exercise as part
of their intervention, although duration and
intensity varied widely. Only two studies
evaluated aerobic fitness, and they reported

significant improvements in their
intervention groups (25, 38). Thus,
improvements in aerobic fitness may have
independent and complementary effects
from changes in body weight.

Limitations of Existing RCTs
Likely owing to the difficulties in these types
of interventions, most studies to date have
included small sample sizes and thus may
have been underpowered to detect small
effects or effects with high variability. In at
least one study, the small sample size also
resulted in significantly different baseline
ACQ scores, despite block randomization
(23). There was wide variability in inclusion
and exclusion criteria (e.g., patients with
“stable asthma” vs. “uncontrolled asthma,”
or patients at “high risk for asthma”
but no formal diagnosis), baseline and
postintervention measurements and
outcomes, length of follow-up, and
baseline population characteristics. One
indeed expects trials to propose different
interventions, but the broad variability in all
other study characteristics leaves substantial
room for confounding. Discrepancies
between trials could be due to the
intervention used but also due to length of
follow-up; for example, weight may begin to
increase again after an initial period of
weight loss, and thus any differences could
be short lived. Likewise, trials in which
participants had normal baseline lung
function may be less likely to find
improvements than those in which
participants had abnormal baseline lung
function.

We strived to perform a meta-analysis
of asthma-related outcomes and biomarkers
where feasible, but we were unable to do so
for several reasons, including the small
number of studies, differences in outcomes
and measurements reported, differing units
used (e.g., liters vs. percent predicted),
differences in reporting (e.g., change from
baseline for each arm vs. differences between
arms at each time point), and lack of
objective data required to perform a pooled
analysis (e.g., means or confidence intervals
not reported). There were also substantial
differences in statistical approach, with
some trials reporting within-group
differences (compared with baseline), others
reporting between-group differences at the
end of the study, and some reporting
group3 time interactions, which further
hinders the ability to compare results among
trials.
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Conclusions and Recommendations
Overall, all of the RCTs involving children
and adults were successful in improving
weight or BMI. In general, RCTs reported
improvements in AR-QOL and, to some
degree, asthma control. Studies involving
adults also reported improvements in
lung function measures, whereas those
involving children showed less consistent
results. The existing studies have yielded
important and useful information, but the
heterogeneity makes it difficult to assess
their generalizability and thus to make
broad clinical recommendations at this
time.

Both in pediatrics and adults, it
will be critical that future studies report
standardized outcomes in a uniform
manner, so that interventions can be better
compared and readers can assess whether
results are generalizable or applicable to

their own populations. Trials should
adhere to recommended reporting
guidelines, such as the CONSORT
(CONsolidated Standards of Reporting
Trials) statement (44) or others. Future
studies should also investigate the
possibility of a threshold effect, as some
of the adult trials reported significant
changes beyond a certain weight or
BMI improvement level. In addition
to subjective measures of asthma control
and quality of life, studies should
include objective outcomes, including
lung function, systemic and airway
inflammatory markers, and “hard” clinical
outcomes such as moderate or severe
exacerbations (45). Finally, it will be of
critical importance for studies to describe
their interventions in more detail, which
will allow clinicians to better understand
the interventions that patients might need

as well as allow other researchers to
reproduce their results in other
populations.

As clinicians, we need to educate obese
patients in general, and particularly those
with asthma, about the importance of
weight loss interventions (i.e., diet, exercise,
behavioral therapy) to reduce weight and
improve fitness overall. Although current
evidence may not allow us to determine
which types of interventions may be
most successful, or whether they may
lead to objective improvements in lung
function and airway inflammation
biomarkers, we can assure our patients
that successful weight reduction can
improve AR-QOL and possibly asthma
control. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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