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Abstract

Rationale: While exercise has been shown to improve respiratory symptoms, exercise tolerance, and bone mineral 
density in many populations, no supervised exercise training interventions have been undertaken in patients with 
lymphangioleiomyomatosis (LAM).
Objectives: To assess the effects of a supervised exercise intervention on exercise tolerance, pulmonary function, and bone 
mineral density in patients with LAM.
Methods: subjects with LAM (Sporadic LAM n=7; TS-LAM n=1) enrolled in the study. Subjects participated in two weekly 
supervised aerobic exercise training (50-60 minutes) at 80-85% heart rate max for 12 weeks. Heart rate and oxygen saturation 
levels were monitored throughout the intervention. Treadmill ergometry (VO2peak), spirometry (FEV1, FVC, FEV1/FVC, 
FEV1 predicted, peak flow), and bone mineral density assessments were performed prior to and 12 weeks after initiation of 
intervention. 
Measurements and Main Results: After 12 weeks of supervised aerobic exercise training, group mean improvements were 
seen in all outcomes including VO2peak, FEV1, FVC, FEV1/FVC, FEV1 predicted, peak flow, and whole body bone mineral 
density. 
Conclusions: Results from this study indicate that supervised exercise training can improve exercise tolerance, pulmonary 
function, and bone mineral density in patients with lymphangioleiomyomatosis. Further research is needed, including 
longitudinal studies with larger sample sizes, to determine long-term effects and consistency of these findings. Aerobic 
exercise may offer a viable alternative to, or work in conjunction with, pharmacological intervention in the treatment of 
lymphangioleiomyomatosis.
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Abbreviations: LAM: lymphangioleiomyomatosis; 
VO2max: A decrease in maximal oxygen consumption; FVC: 
Forced vital capacity, BMD: bone mineral density; RPE: Rate 
of perceived exertion; DXA: Dual x-ray absorptiometry; 
HRmax: Heart rate max, (SD): Standard deviation; MILES: 
Multicenter International LAM Efficacy of Sirolimus.

Introduction

Lymphangioleiomyomatosis (LAM) is a rare, chronic 
disease that occurs almost exclusively in women. LAM is 
characterized by progressive, cystic lung lesions that may lead 
to respiratory failure and potentially lung transplantation 
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[1,2]. A decrease in maximal oxygen consumption (VO2max) 
and/or forced expiratory volume in one second (FEV1) 
are often seen [1,3]. Lower VO2max scores indicate poor 
exercise tolerance and have been linked to disease severity 
by LAM histologic scores and have been used to predict 
mortality and time to transplant [4,5]. A decrease in FEV1 
indicates a decline in lung function and can help determine 
candidacy for lung transplantation, particularly when paired 
with a decrease in VO2max [2]. While up to 34% of LAM 
patients present with normal spirometric values patients 
also frequently present with deficits in other measures of 
pulmonary function including reduced forced vital capacity 
(FVC) and the FEV1/FVC ratio. While the majority of focus is 
understandably centered on lung pathology and pulmonary 
function, it is noteworthy that seventy percent of women 
with LAM have shown abnormally low bone mineral density 
(BMD) values, which are also correlated with disease severity 
and of course, age [6]. 

Aerobic exercise has been shown to improve exercise 
tolerance, pulmonary function, and bone mineral density in 
many populations, including those with chronic pulmonary 
disorders [7-9]. To our knowledge no long-term supervised 
exercise training interventions have been conducted in 
patients with LAM to determine the benefits for this patient 
population. Our lab is conducting a year-long supervised 
exercise training intervention in women with LAM to assess 
the impact of such an intervention on exercise tolerance, 
pulmonary function, and bone mineral density. Here we 
report on our first eight patients on the progress that has 
been made after three months of training. 

Methods

Study Population

Eight participants were recruited from the University 
of Texas Health Science LAM Clinic (Dr. Khalid Almoosa, 
Director). Human subjects’ approval was granted by both The 
University of Houston and University of Texas Health Science 
Center. All patients gave informed consent before enrollment. 
All patients were women aged 27-59 (mean ± SD, 41.5 ± 11.9 
years). Diagnosis of LAM was confirmed by CT scan with 
concurrent clinical presentation, or by lung biopsy. Patients 
had either sporadic (n=7) or TS-associated (n=1) LAM. Two 
patients were taking LAM-related medication (everolimus, 
sirolimus, and/or Affinitor) for three years and four years 
at the time of enrollment (beginning of study). None of the 
patients required oxygen for daily use or during exercise. 

Tests and Measures

Patients performed a graded exercise test to volitional 
fatigue to determine VO2peak using a Woodway Desmo 

treadmill (Waukesha, WI, USA) and a Quark CPET metabolic 
cart (Cosmed, Rome, Italy). Briefly, patients ran or walked at 
a pace that was difficult but manageable (generally 3.5mph 
for those walking, 4.2-5.2mph for those who ran). While the 
pace (speed) remained the same throughout the test, the 
grade (elevation) of the treadmill was increased (0% for 
minute one, 4% for minute two, 6% for minute three, 8% for 
minute four, etc.). Patients reported their rate of perceived 
exertion (RPE) using Borg’s RPE scale [10]. Every minute 
heart rate and RPE was recorded and patients were asked 
as to whether or not they could continue to the next level. 
Patients ran or walked until volitional fatigue. Final (end of 
test) heart rates and RPE scores were recorded. All patients 
achieved or nearly-achieved their age-predicted maximum 
heart rate (220-age) during or near the end of their treadmill 
test [11]. 

Pulmonary functions tests (FEV1, FVC, FEV1/FVC 
ratio, FEV1 predicted, and peak flow) were assessed using 
the Quark CPET metabolic cart (Cosmed, Rome, Italy). A 
Discovery QDR-4500 for Windows (Hologic, Inc., Bedford, 
MA, USA) dual x-ray absorptiometry (DXA) scanner was 
used to assess whole body bone mineral density. All tests and 
measures were taken at baseline (prior to exercise training) 
and again after three months of intervention. All tests were 
completed on room air without the use of a bronchodilator.

Intervention

Patients reported twice per week for supervised aerobic 
exercise sessions lasting 50 to 60 minutes in duration. 
Exercise was performed at 80-85% heart rate max (HRmax) 
as determined by baseline graded exercise test using a Polar 
FT1 fitness monitor with the T31 transmitter (Lake Success, 
NY, USA). Oxygen saturation levels were maintained at ≥88% 
as per the Choicemed OxyWatch C20SM Pulse Oximeter 
(Bristol, PA, USA). Treadmill training (walking, jogging, 
sprints), aerobic exercise circuits (plyometrics, stadium stair 
running, various bodyweight drills), and strength training 
circuits (resistance training with free weights, bodyweight 
exercises) were all utilized during training with emphasis 
on using body weight resistance and minimal specialized 
equipment. 

Statistics

Dependent t-tests were performed for group results 
in each category. Significance levels were set at p ≤ 0.05. 
Simple percentages were used to calculate both group mean 
and individual change. All data were analyzed using SPSS 
software version 17. Unless otherwise noted, results are 
reported as mean ± standard deviation (SD).
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Results

After twelve weeks of supervised aerobic exercise 
training, patients experienced a group mean percent increase 
in all outcome measures. Exercise tolerance (VO2peak) 
improved by 13.3% (29.89 ± 9.9 mL/kg/min pre, 33.88 ± 9.53 
mL/kg/min post; p=0.06; Figure 1a). Pulmonary function 
tests also improved, with FEV1 (2643.75 ± 814.9 mL pre, 
2747.88 ± 886.13 mL post; p=0.19; Figure 1b), FVC (3560 
± 1266.36 mL pre, 3803.75 ± 1177.61 mL post; p=0.085; 

Figure 1c), FEV1/FVC% (76.65 ± 8.26 pre, 77.41 ± 9.76 post; 
p=0.38; Figure 1d), FEV1 predicted (92.38 ± 29.97 % pre, 
102.63 ± 26.4% post; p=0.11; Figure 1e), and peak flow (5.53 
± 2.02 L/sec pre, 6.20 ± 1.23 L/sec post; p=0.19; Figure 1f) all 
showing improvements. Whole body BMD improved slightly 
(1.16 g/cm2 pre, 1.178 ± 0.12 g/cm2 post; p=0.28; Figure 1g). 
Though we had a limited sample size of only eight patients 
and no group mean results were found to be significant at the 
p=0.05 level, patients improved in all areas. 

Figure1: Oxygen uptake, pulmonary function, and bone mineral density.
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Discussion

In this study we demonstrate that supervised aerobic 
exercise training can markedly improve exercise tolerance 
and pulmonary function that are commonly exhibited in 
women with LAM. We also found a slight increase in bone 
mineral density (BMD), important as BMD has been shown 
to be affected to a greater extent in women with LAM when 
compared to otherwise healthy females [6]. We found that 
many of our patients achieved their highest VO2 levels prior 
to their last stage of the exercise test. This may have been 
due to air trapping, reduced diffusion capacity, a greater 
oxygen desaturation, or a combination of events that led to 
this ventilator limitation, as these have all been shown to be 
common in women with LAM during exercise [3]. The VO2 
values reported here reflect maximal oxygen uptake values 
obtained during each single test but do not necessarily 
indicate the maximum value attainable by each participant. 
Accordingly, VO2peak was used as opposed to VO2max as 
VO2peak value has been shown to likely be a valid indicator 
of VO2max, even without the traditional VO2 plateau [12]. 

Patients showed the largest improvement in relative 
VO2 (mL/kg/min) with an improvement of 13.3% from 
baseline (29.89 ± 9.9 pre, 33.88 ± 9.53 post; p=0.06). This 
is not surprising, as all of our patients were not actively 
participating in regular exercise and their work capacity 
increased markedly over a very short period of time. With 
an initial intervention period of twelve weeks, this number 
corresponds to a mean increase of 4.43% per month. As an 
increased VO2 is indicative of an increase in function, this may 
translate into an improved quality of life in daily function. 
Though we did not assess any psychological variables, our 
patients reported having more energy and of “feeling better” 
throughout the day as well as at night. Four of our patients 
had undergone (prior to beginning exercise training) 
surgical interventions (pleurectomy, pleurodesis, removal 
of a kidney due to angiomyolipomas). None of our patients 
experienced any reportable events during their training or 
subsequent to the three month time point. FEV1 improved 
on average by 104mL over the twelve-week intervention 
(a 4% improvement, average of 1.33mL/month). Though 
small, this increase in FEV1 is 33% greater than the 1 mL/
month FEV1 increase seen in the intervention group of 
the Multicenter International LAM Efficacy of Sirolimus 
(MILES) Trial, and far exceeds the 12mL (± 2mL) decline of 
the control group from the same study [11]. Moreover, the 
81.7mL per month increase in FVC seen in our study is a ten-
fold improvement compared with the 8mL average monthly 
increases seen in the MILES Trial intervention group and a 
huge increase compared with the 11mL (±3 ) decrease seen 
in the control group [13]. Predicted FEV1 (%) improved by 
11.1%, from 92.38 ± 29.97 to 102.63 ± 26.4, a level slightly 
above predicted. Peak flow improved markedly (12.3%), 

though not statistically significant (p=0.19), from 5.53 ± 
2.02L/min to 6.2 ± 1.23L/min. 

Bone mineral density (BMD) improved slightly. Patients’ 
overall BMD improved by 1.6%, from 1.159 ± 0.11 to 1.178 ± 
0.12 g/cm2. While not a statistically significant improvement 
(p=0.13) this nonetheless shows promise. Women with 
LAM have been shown to have an accelerated bone loss 
(6); coupled with the normal loss of bone due to aging and 
osteoporosis, which affect all women irrespective of lung 
disease, exercise training may serve as a means of improving 
bone health in women with LAM. None of our patients was 
taking any prescribed medication for bone loss.

It must be noted that all of our patients were, aside 
from their disease, in relatively good health and were 
able to perform exercise training. At the onset of exercise 
training, none of our patients were able to run for more 
than five consecutive minutes (at a pace of 4.5-4.7mph) 
without stopping due to self-reported pulmonary fatigue. 
Three patients were not able to run for any length of time 
at the beginning of the study. At the end of three months all 
patients were able to run at a pace of at least 4.0mph. Six 
patients, including our oldest (59 years at the beginning 
of the study) have subsequently been able to run for more 
than two miles non-stop, with several completing up to four 
miles of treadmill running, a remarkable improvement in a 
very short time. These findings show definite promise for the 
use of supervised aerobic exercise as an effective treatment 
in women with LAM. While we do not know the effects of 
our intervention on lung pathology (i.e. cystic changes), our 
ongoing study hopes to determine if changes in the biology 
of the lung are evident.

Our patients varied in age from 27 to 59 years of age, 
with the mean age being 41.5 years, the approximate mean 
age at which LAM is clinically diagnosed. As is the case with 
many women with LAM, our patients exhibited clinical signs 
(pneumothoraces, angiomyolipomas, obstructed breathing) 
before diagnosis, in several cases years before a clinical 
diagnosis. With many cases of LAM being diagnosed earlier 
in the disease process, this finding could have important 
significance to optimize intervention, especially in those 
recently diagnosed. 

Limitations of this study include the small sample size 
(n=8); this was an underpowered study in terms of sample 
size but we do not feel that this diminishes the positive 
impact that our intervention had on our patients. Because 
of this small sample size, the results of this study may have 
limited generalizability to the LAM population at large. 
However, as patients’ overall lung function improved and our 
patients were quite homogenous, with patients of differing 
ages and with a wide variety of symptoms, we believe that 
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this study justifies a study with a larger patient cohort. 

This is the first known study reporting effects of supervised 
exercise training on patients with LAM. The results from this 
study demonstrate that supervised exercise training can 
improve exercise tolerance, pulmonary function, and bone 
mineral density in patients with lymphangioleiomyomatosis 
in a relatively short time. Aerobic exercise may offer a viable 
alternative or addition to pharmacological intervention in 
the treatment of lymphangioleiomyomatosis.

At a Glance Commentary

Exercise has been shown to improve pulmonary function 
and quality of life in a variety of patient populations. An 
increase in pulmonary function and, in particular, exercise 
tolerance, can markedly improve daily living activities. To date, 
the benefits of a supervised exercise training program have 
not been studied in women with lymphangioleiomyomatosis 
(LAM), a devastating lung disease that has no cure and 
limited treatment options. Here we demonstrate that 
exercise training not only improves oxygen consumption 
(VO2) but also pulmonary function measures that are used 
to predict disease progression. This is the first study to show 
that exercise training can be used as a potential treatment for 
women with LAM.
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