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Objective  To examine the correlation between the health-related quality of life measured by the St. 

George’s Respiratory Questionnaire (SGRQ) and the commonly used physiological measures in lymphangi-

oleiomyomatosis (LAM).  

Methods  This study retrospectively analyzed the SGRQ scores and other measures (the Borg scale 

of breathlessness at rest, 6-minute walking distance, blood oxygen levels, and pulmonary function) of patients 

diagnosed and confirmed with LAM. Altogether 38 patients between June 2007 and November 2009 were 

included.  

Results  The mean values of the SGRQ three components (symptoms, activity, and impacts) and  

total scores in the LAM patients were 46.9528.90, 58.4725.41, 47.8929.66, and 51.1126.35, respec-

tively. The SGRQ total or component scores were correlated well with the Borg scale of breathlessness,   

6-minute walking distance, partial pressure of oxygen in arterial blood, spirometry and diffusion capacity of 

lung. There were poor correlations between SGRQ score and residual volume or total lung capacity. In our 

preliminary observation, sirolimus improved the SGRQ total and three component scores and the Borg scale 

of breathlessness significantly after 101-200 days of treatment (n=6). 

Conclusions  The SGRQ score in LAM is correlated well with physiological measures (Borg scale of 

breathlessness, 6-minute walking distance, blood oxygen levels, and pulmonary function tests). The SGRQ 

could therefore be recommended in baseline and follow-up evaluation of patients with LAM. Treatment with 

sirolimus, an inhibitor of mammalian target of rapamycin, may improve the quality of life and patient’s per-

ception of breathlessness in LAM. 
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YMPHANGIOLEIOMYOMATOSIS (LAM) is a rare 

progressive multi-system disease characterized 

by diffuse cystic changes in lung with an esti-

mated prevalence of one in 400 000 adult 

women.1,2 It affects mainly young females with an average 

age at diagnosis around forty years. The onset is usually 

insidious; however, dyspnea could develop abruptly in the 

case of pulmonary complications such as pneumothorax or 

chylothorax. Pulmonary function deteriorates progres-

sively until, in the late stage, patients depend on oxygen 

and require lung transplantation. Sporadic LAM shares 

similar mutations of TSC2 or TSC1 genes with LAM asso-

ciated with tuberous sclerosis complex (TSC).2 Dysfunction 

of TSC1/TSC2 complex activates mammalian target of ra- 

pamycin (mTOR), resulting in abnormal growth of smooth 

muscle-like cells in lung, kidney, and other organs.  

The health-related quality of life in LAM patients is 

greatly affected. National Heart, Lung, and Blood Institute 

(NHLBI) LAM Registry study suggested that quality of life, 

measured by SF-36 and St. George’s Respiratory Ques-

tionnaire (SGRQ), was decreased in LAM patients and re-

lated to symptoms and lung function.3 The quality of life 

could therefore be an important measurement in evalua-

tion of this rare and chronically progressive disease. In this 

study, we compared the scores of SGRQ in confirmed LAM 

patients, reflecting the quality of life, with the results of the 

most commonly used physiological measures, so as to 

evaluate the applicability of SGRQ in LAM.  

PATIENTS AND METHODS 

Patients 

In June 2007, the SGRQ was introduced into evaluation of 

LAM in Peking Union Medical College Hospital. Since then 

and up to November 2009, 38 patients have been diag-

nosed as LAM and hence included in this retrospective 

analysis. Confirmation of diagnosis in this study required 

typical clinical presentation, in combination with either 

pathological diagnosis, angiomyolipoma, or TSC. Patients 

received lung transplantation were excluded.  

 

Measurements 

The common physiological measures involved in the 

analysis included the Borg scale of breathlessness at rest, 

6-minute walking distance (6MWD), arterial blood gas 

analysis at rest, and pulmonary function tests. All the re-

sults of those tests and SGRQ for each patient were ob-

tained at the same visit. Only data of the first test were 

used for correlation analysis if a test was performed several 

times for a same subject.  

The Chinese version of self-administered SGRQ com-

prises three components: symptoms, activity, and im-

pacts.4,5 The total score and the score of each of the three 

components range from 0 to 100, reflecting a cline from the 

best to the worst condition. Subjects answered all the qu- 

estions following the standard procedure required for 

SGRQ.4 The Borg scale, estimating patient’s sense of bre- 

athlessness at rest, was answered along with the SGRQ. 

The Borg scale is recorded from 0 to 10, zero meaning no 

breathlessness at all and 10 meaning maximum difficulty in 

breathing. 6MWD was performed according to the Ameri-

can Thoracic Society (ATS) statement.6 Samples for ar-

terial blood gas analysis were drawn at rest in room atmo- 

sphere. Pulmonary function tests were performed in ac-

cordance with ATS standards and comprised of forced ex-

piratory volume in one second (FEV1), forced vital capacity 

(FVC), residual volume (RV), total lung capacity (TLC), and 

diffusion capacity of lung for carbon monoxide (DLCO).  

 

Treatment 

Ten cases of LAM patients received off-label treatment of 

sirolimus (Rapamune produced by Wyeth Pharmaceuticals, 

or Yi-Xin-Ke produced by North China Pharmaceutical Group 

Corp., China), upon the written consent from the patients 

and the approval from the Ethical Committee of our hos-

pital. The patients were administrated with an oral dose of 

2 mg per day. The blood concentration of sirolimus was not 

measured during treatment unless dose adjustment was 

needed in the case of dissatisfactory clinical response. Only 

one patient had trough blood concentration (12.9 ng/mL) 

tested. The SGRQ scores before and after treatment were 

collected. Other measurements were not included for 

analysis because of incompleteness of the data. 

Other therapies received by the patients included 

oxygen, inhaled bronchodialators when necessary, with or 

without inhaled corticosteroids. 

 

Statistical analysis 

The collected data were processed with SPSS 11.0. Nu-

merical values were expressed as means±SD. The corre-

lations were expressed as Pearson’s correlation coefficient 

(r). Paired t-tests were carried out to compare values 

before and after treatment. A P value less than 0.05 was 

considered statistically significant. 

RESULTS 

The mean age of the included 38 LAM patients was 

38.58±8.98 years (range, 22.00-54.00). Of those patients, 

36 were sporadic LAM and 2 were associated with TSC. 

L 
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Angiomyolipoma was seen in 21 of the sporadic LAM cases 

(58.3%) and both of the TSC associated LAM.  

The physiological measurements and available test 

results of all patients included in this study are listed in 

Table 1. All available data were collected, but some of them 

were incomplete because of the nature of retrospective 

case review. All the patients finished the SGRQ and the 

Borg scale. The numbers of patients completing 6MWD, 

blood gas analysis, spirometry, and spirometry plus 

RV/TLC/DLCO were 10, 20, 21, and 17 respectively. Figure 

1 shows the SGRQ total score distribution in all the 38 

cases of LAM. 

All three components and total scores of SGRQ were 

found significantly correlated with the Borg scale of bre- 

athlessness, 6MWD, arterial partial pressure of oxygen 

(PaO2), alveolar-arterial oxygen gradient [P(A-a)O2], FEV1, 

and FEV1/FVC (all P<0.05) (Table 2, Fig. 2). The SGRQ total, 

activity, and impacts, but not symptoms, were correlated 

with FVC and DLCO. The SGRQ total and activity, but not 

symptoms and impacts, were correlated with RV/TLC ratio. 

Two pulmonary function indices, RV and TLC, were not 

found correlated with the quality of life measured by SGRQ. 

It seems that the scores of activity and impacts in SGRQ 

might correlated more closely with the physiological 

measures than symptoms score does. The strongest cor-

relation was found between the SGRQ total score and the 

Borg scale of breathlessness (r=0.90, P<0.01).  

Some patients in this study received off-label use of 

sirolimus. Ten cases with data of both baseline and after 

treatment were analyzed. Figure 3A shows SGRQ total 

scores at different time points after sirolimus treatment 

(n=10). Paired comparison between baseline and 101-200 

days after sirolimus treatment found all three components 

and total scores of SGRQ were significantly improved (Fig. 

3B, n=6, all P<0.05). The Borg scale was also significantly 

improved from 5.33±1.51 to 3.67±1.86 (P<0.05).  
 

Table 1. Physiological measurement results and SGRQ scores in 38 female LAM patients 

Item n Means±SD Range 

Pulmonary function    

FEV1 (% predicted) 21 53.58±  27.16 18.40-117.00 

FVC (% predicted) 21 75.56±  21.08 40.50-127.00 

FEV1/FVC (%) 21 57.63±  15.66 31.30-  84.14 

RV (% predicted) 17 160.62±  66.10 60.50-310.00 

TLC（L） 17 106.91±  15.24 76.10-134.70 

RV/TLC (%) 17 46.69±  14.81 23.00-  71.91 

DLCO (% predicted) 17 46.31±  30.36  7.40-116.00 

6MWD (m) 10 421.00±171.95 62.00-667.00 

Arterial blood gas    

PaO2 in room air (mm Hg) 20 68.02±  15.07 40.00-  98.40 

P(A-a)O2 in room air (mm Hg) 20 38.71±  15.87 11.50-  70.38 

Borg scale of breathlessness 38  3.50±   2.83  0.00-  10.00 

SGRQ    

SGRQ symptoms score 38 46.95±  28.90  0.00-100.00 

SGRQ activity score 38 58.47±  25.41  5.00-100.00 

SGRQ impacts score 38 47.89±  29.66  0.00-  97.00 

SGRQ total score 38 51.11±  26.35  4.00-  94.00 

SGRQ: St. George’s Respiratory Questionnaire; LAM: lymphangioleiomyomatosis; FEV1: forced expiratory volume in one second; FVC: 

forced vital capacity; RV: residual volume; TLC: total lung capacity; DLCO: diffusion capacity of lung for carbon monoxide; 6MWD: 6-minute 

walking distance; PaO2: arterial partial pressure of oxygen; P(A-a)O2: alveolar-arterial oxygen gradient. 

 

Figure 1.  Distribution histogram of the SGRQ total scores of 38 LAM patients.  
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Table 2. Correlations between the SGRQ scores and physiological measures 

Item 
SGRQ 

Symptoms Activity Impacts Total 

Borg scale of breathlessness    0.79**    0.84**    0.86**    0.90** 

6MWD －0.72* －0.78* －0.64* －0.72* 

PaO2  －0.59**  －0.74**  －0.72**  －0.75** 

P(A-a)O2   0.45*    0.57**    0.56**    0.58** 

FEV1 －0.49*  －0.68**  －0.58**  －0.64** 

FVC －0.42  －0.62**  －0.55**  －0.60** 

FEV1/FVC －0.55*  －0.65**  －0.60**  －0.66** 

RV  0.30  0.41  0.46  0.45 

TLC  0.31  0.30  0.41  0.38 

RV/TLC  0.34   0.54*  0.48   0.51* 

DLCO －2.29 －0.77* －0.52* －0.60* 

Correlations are expressed as Pearson’s correlation coefficient r.  
*P<0.05, **P<0.01. 

Figure 2. Regression plot of the SGRQ total score vs. the Borg scale of breathlessness (A), FEV1 (B), 6MWD (C), and PaO2 (D). 

Figure 3.  The SGRQ score after treatment with sirolimus.  

A. The SGRQ total scores after treatment with sirolimus at different time points (n=10); 

B. The three components and total scores of SGRQ before and 101-200 days after treatment with sirolimus (n=6).  

Error bars are expressed as means±SEM. 
*P<0.05, **P<0.01 compared with the scores before sirolimus treatment. 
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DISCUSSION 

The SGRQ was developed to evaluate patients with 

chronic obstructive pulmonary disease (COPD) and as- 

thma.4 Its usage in several different languages including 

Chinese has been validated.5 While the application of the 

SGRQ in COPD and asthma has been well established, that 

in rare lung diseases, such as LAM, has not been validated 

yet. NHLBI LAM Registry study measured quality of life with 

the SF-36 and the SGRQ for LAM Registry patients.7 The 

physical component score of SF-36 was found correlated 

with spirometry, diffusion capacity, and symptoms. The 

three components and total scores in LAM Registry patients 

were correlated with FEV1 and symptoms as well. 

It was found in the present study that the quality of life 

in LAM patients measured by the SGRQ was correlated well 

with commonly used physiological measurements. The 

strong correlation between the SGRQ scores and the Borg 

scale is not surprising as breathlessness is one of the most 

complained symptoms in LAM patients.5 In this retrospec-

tive analysis, the SGRQ scores were also found correlated 

with the degree of limitation of activity (measured by 

6MWD), arterial oxygen levels [measured by PaO2 and 

P(A-a)O2], and pulmonary function (measured by FEV1, 

FVC, and FEV1/FVC). RV and TLC were not correlated with 

the SGRQ in this analysis although RV/TLC shows correla-

tions with SGRQ activity and total scores. Correlations were 

also found between diffusion capacity of lung in LAM pa-

tients and the SGRQ activity, impacts, and total scores. 

Overall, the SGRQ measurements were correlated well with 

the most commonly used clinical physiological measures in 

LAM patients, especially the Borg scale of breathlessness, 

6MWD, PaO2, and FEV1. Therefore, it could be concluded 

that the SGRQ measurements correlated with the disease 

severity. The average of FEV1 was 53.58%±27.16% pre-

dicted in our patients, and it was 70.3%±1.6% predicted in 

NHLBI LAM Registry patients,8 suggesting that the LAM 

patients in this report were probably severer than those in 

NHLBI LAM Registry.  

LAM patients are usually under the stress of physical 

disability at young age, exacerbated by impaired social 

relationship, difficulty in access to professional medical 

advices, lack of effective treatment, and problems in 

medical costs. In an email survey by LAM China in April, 

2009, 24 patients between age of 25 and 52 responded. 

Ten of them had quitted their job because of their illness, 4 

of them worked part-time, and only 10 of them kept a 

full-time job. Basic medical insurance covered only half of 

those patients.9 Of all the impacts caused by this disease, 

physical measurements reflect only the degree of physical 

impairment. The SGRQ could therefore be an important 

complementary measurement to reveal the psychological, 

social, and other factors in this chronic, progressive, and 

rare lung disease. As our observations also suggested the 

applicability of the SGRQ in LAM, we recommend that this 

questionnaire could be included in evaluation and follow-up 

of LAM patients.  

Apart from reflecting the severity of LAM, the mea-

surement of quality of life could be applied as a parameter 

in evaluating the effects of intervention as well. In this 

retrospective analysis, the SGRQ scores enabled us to look 

at the effects of sirolimus on the quality of life. In a nested 

observation of sirolimus in treating angiomyolipoma, siro-

limus improved FEV1, FVC, and RV in 11 patients with LAM, 

but not 6MWD and DLCO.7 In the 10 cases received siro-

limus in the present study, that mTOR inhibitor improved 

quality of life. In the 6 patients with available data of both 

baseline and 101-200 days after sirolimus treatment, all 

three components and total scores of SGRQ were signifi-

cantly improved. The Borg scale of breathlessness was also 

improved significantly. However, we could not conclude 

whether the improved quality of life was accompanied by 

less limited activity, elevated blood oxygen level, or im-

proved pulmonary function, due to the lack of corres-

ponding data from 6MWD, blood oxygen, and spirometry. 

In addition, given the absence of control in this analysis, 

placebo effect could not be ruled out. The ongoing clinical 

trial of MILES, a randomized, placebo-controlled trial of 

sirolimus in patients with LAM, is expected to shed more 

light on the potential effects of sirolimus in treating LAM 

(ClinicalTrial. org, Identifier: NCT00414648).  

In summary, the SGRQ scores are correlated well with 

commonly used clinical measures in LAM, such as the Borg 

scale of breathlessness, 6MWD, blood oxygen levels, and 

pulmonary functions. Based on these findings, the SGRQ 

could be corporated in evaluation of patients with LAM and 

evaluation of efficacy of novel treatment.  
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