
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



The 1-Year Impact of Severe Acute
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Objective: To examine pulmonary function, exercise capacity, and health-related quality of life
(HRQoL) among severe acute respiratory syndrome (SARS) survivors.
Methods: We evaluated survivors with confirmed SARS at the Prince of Wales Hospital, Hong
Kong, at 3, 6, and 12 months after symptom onset. Our assessment included: lung volume (total
lung capacity [TLC], vital capacity, residual volume, functional residual capacity), spirometry
(FVC, FEV1), diffusing capacity of the lung for carbon monoxide (DLCO), inspiratory and
expiratory respiratory muscle strength, 6-min walk distance (6MWD), chest radiographs (CXRs),
and HRQoL by Medical Outcomes Study 36-Item Short-Form General Health Survey question-
naire.
Results: Ninety-seven patients completed the serial assessments. There were 39 male and 58
female patients, and 63 patients (70%) were health-care workers (mean age, 36.9 years [SD, 9.5
years]; body mass index, 23.7 kg/m2 [SD, 4.0 kg/m2]). At 1 year, 27 patients (27.8%) had abnormal
CXR findings. Four patients (4.1%), 5 patients (5.2%), and 23 patients (23.7%) had FVC, TLC, and
DLCO values < 80% of predicted values, respectively. The 6MWD at 12 months was 511.0 m (SD,
89.8 m), which was higher than at 3 months (mean difference, 47.0 m; 95% confidence interval
[CI], 31.8 to 62.1 m; p < 0.01) but not different from 6 months (mean difference, 9.7 m; 95% CI,
� 4.4 to 23.8 m; p � 0.18). The 6MWD was lower than that for normal control subjects of the
same age groups, and there was impairment of HRQoL at 12 months. Patients who required ICU
admission (n � 31) showed higher CXR scores (1.6 [SD, 3.1]; vs 0.4 [SD, 1.1]; p � 0.04) and lower
percentage of predicted FVC, TLC, and DLCO than those who did not, but there were no
differences in 6MWD and health status.
Conclusion: Significant impairment in DLCO was noted in 23.7% of survivors 1 year after illness
onset. Exercise capacity and health status of SARS survivors were remarkably lower than those of
a normal population. (CHEST 2005; 128:2247–2261)

Key words: severe acute respiratory syndrome; lung function; functional capacity; quality of life

Abbreviations: ANOVA � analysis of variance; BMI � body mass index; BOOP � bronchiolitis obliterans organizing
pneumonia; BP � bodily pain; CI � confidence interval; CPET � cardiopulmonary exercise testing; CRP � C-reactive
protein; CXR � chest radiograph; Dlco � diffusing capacity of the lung for carbon dioxide; FEF25–75 � forced
expiratory flow, midexpiratory phase; FRC � functional residual capacity; GH � general health; HCW � health-care
worker; HK � Hong Kong; HRCT � high-resolution CT; HRQoL � health-related quality of life; IQR � interquartile
range; Kco � diffusing capacity of the lung for carbon dioxide adjusted for alveolar volume; LDH � lactate
dehydrogenase; LOS � length of stay; MH � mental health; Pemax � maximum static expiratory pressure;
Pimax � maximum static inspiratory pressure; PF � physical functioning; RE � role limitation due to emotional
problems; RP � role limitation due to physical problems; RV � residual volume; SARS � severe acute respiratory
syndrome; SF � social functioning; SF-36 � Medical Outcomes Study 36-Item Short-Form General Health Survey;
TLC � total lung capacity; Va � alveolar volume; VC � vital capacity; VT � vitality; 6MWD � 6-min walk distance;
6MWT � 6-min walk test

T he emergence of severe acute respiratory syn-
drome (SARS) in Southern China in November

2002, followed by the global outbreak in 2003,
caught the medical profession by surprise.1–3 Studies
on SARS-coronavirus viral loads have shown that
peak viral levels were reached at the second week of
illness when patients were receiving hospital care,

and thus health-care workers (HCWs) were particu-
larly prone to infection while caring for their pa-
tients.4,5

The morbidity of SARS is highlighted by the
observation that even when there was only 10% of
total lung field involved by consolidation, 50% of
patients would require supplemental oxygen in order
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to maintain oxygen saturation � 90%.6 Several stud-
ies7–9 have shown that 20 to 36% of patients required
ICU admission, whereas 13 to 26% progressed into
ARDS, necessitating invasive ventilatory support.

In a major outbreak of SARS at our hospital in
2003, over half of those with SARS infection were
previously healthy HCWs.7 High-resolution CT
(HRCT) performed at 5 weeks after hospital dis-
charge selectively on 24 outpatients with residual
opacities revealed multiple patchy ground-glass ap-
pearance and interstitial thickening in 9 patients
(38%) and CT evidence of fibrotic changes in 15
patients (62%).10 It is likely that ongoing active
alveolitis, probably as a result of an uncontrolled host
immune response triggered by the viral antigen, may
lead to pulmonary fibrosis in some patients. Previous
studies on survivors of acute lung injury11 and
ARDS12–15 unrelated to SARS have shown variable
degrees of residual abnormalities in pulmonary func-
tion, exercise capacity, and impairment in health-
related quality of life (HRQoL).

We have recently reported that 15.5% of our
SARS survivors (n � 110) had abnormal diffusing
capacity of the lung for carbon monoxide (Dlco) at
6 months, whereas overall their exercise capacity and
health status were lower than normal populations of
the same age groups.16 We report herein the 1-year
outcome of a prospective follow-up study of the
same SARS patient cohort, which was epidemiolog-
ically linked to a single index case during a major
hospital outbreak in 2003.7,17 We examined serial
lung function, exercise capacity, chest radiographs
(CXRs), and HRQoL at 3, 6, and 12 months after the
onset of illness. In addition, we compared SARS
survivors who required ICU admissions to those who
were treated on the medical wards with reference to
the same outcome parameters.

Materials and Methods

Subjects

This is a prospective, longitudinal, follow-up study of patients
with SARS discharged from our hospital after surviving the major
outbreak in 2003. The patients came from our previously re-
ported cohort7 recruited over a period of 2 weeks from March 11
to March 25, 2003. The diagnosis of SARS was based on the
Centers for Disease Control and Prevention criteria at the time.18

All patients in this study had subsequent laboratory confirmation
of SARS.19 Treatment and outcome of these patients during
hospitalization have been reported in detail elsewhere.19 This
prospective outcome study of SARS survivors was approved by
the Ethics Committee of the Chinese University of Hong Kong.

Assessment

Following discharge from the hospital, patients were evaluated
in the lung function laboratory at the end of 3, 6, and 12 months
after disease onset. During the visit, subjects were interviewed
and underwent a physical examination, pulmonary function
testing, respiratory muscle strength measurement, posteroante-
rior CXR, resting oximetry, and a standardized 6-min walk test
(6MWT).20,21 In addition, they completed the Medical Outcomes
Study 36-Item Short-Form General Health Survey (SF-36) to
measure HRQoL.22

6MWT: The 6MWT provides a standardized, objective, inte-
grated assessment of cardiopulmonary and musculoskeletal func-
tion that is relevant to daily activities.20,21 The self-paced 6MWT
assesses the submaximal level of functional capacity21 and has
been applied in a long-term follow-up study12 of survivors of
ARDS. The 6-min walk distances (6MWDs) were compared to
normative reference data collected from a population survey of
538 normal healthy subjects in 2004 by the Coordinating Com-
mittee in Physiotherapy, Hong Kong Hospital Authority, on 2
separate days. The 6MWDs of the control subjects (n � 538) on
day 1 and day 2 of assessment were 598.4 m (SD, 98.7 m) and
609.2 m (SD, 100.4 m), respectively, with an intraclass correla-
tion coefficient of 0.87 (95% confidence interval [CI], 0.84 to
0.89); SE of measurement, 35.3; minimum detectable change,
97.8 m; and limit of agreement, 10.8 (95% CI, � 87.1 to 108.6).
The 6MWD data stratified into different age groups are available
for comparison with the SARS patients, although we have no
access to individual data of this population survey.

SF-36: The SF-36 includes eight multiple-item domains that
assess physical functioning (PF), social functioning (SF), role
limitation due to physical problems (RP), role limitation due to
emotional problem (RE), mental health (MH), bodily pain (BP),
vitality (VT), and general health (GH).22 Scores for each aspect
can range from 0 (worst) to 100 (best) with higher scores
indicating better HRQoL. The validated Chinese (Hong Kong
[HK]) version of the SF-3623 was applied for this study, and the
results were compared to the HK normative data collected from
a random telephone survey24 of 2,410 Chinese adults � 18 years
old. Based on this survey,24 SF-36 domain scores stratified into
two age groups (18 to 40 years and 41 to 64 years) are available
for comparison with those of our SARS survivors.

Lung Function Testing: Lung volumes (total lung capacity
[TLC], vital capacity [VC], residual volume [RV], functional
residual capacity [FRC] using the nitrogen washout method),
spirometry (FVC, FEV1), FEV1/FVC ratio, forced expiratory flow
rate, midexpiratory phase (FEF25–75), and surface area for gas
exchange (Dlco adjusted for hemoglobin, and Dlco adjusted
for alveolar volume [Kco]) were performed (Vmax System;
SensorMedics; Yorba Linda, CA). Dlco was determined by the
single-breath technique using an infrared analyzer. We per-
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formed spirometry (FEV1 and FVC) according to the standards
of the American Thoracic Society.25,26 The results were com-
pared to the normative data,27 which have been widely adopted as
the reference data in HK.

Measurement of the maximum static inspiratory pressure
(Pimax) that a subject can generate at the mouth or the maximum
static expiratory pressure (Pemax) is a simple way to gauge
inspiratory and expiratory muscle strength.28,29 Since respiratory
muscle weakness may lead to a restrictive pattern on lung
function testing, Pimax and Pemax were assessed with a mouth
pressure meter via a flanged mouthpiece30 after full lung function
testing. In a study of 24 normal subjects (23 Chinese and 1
Indian; mean age, 29.2 years) in Singapore, the maximal static
inspiratory effort from RV for the group was 83.5 cm H2O (SD,
35.5 cm H2O).31 A Pimax of � 80 cm H2O and a Pemax of � 80
cm H2O generally exclude clinically significant weakness of the
inspiratory and expiratory muscles, respectively.32

Radiographic Assessment: Frontal CXRs were performed at 3,
6, and 12 months using standardized techniques with computed
radiography equipment as we have reported during the major
hospital outbreak.7 The images were assessed using a picture
archive communications system (MagicView VA22E; Siemens;
Erlangen, Germany) and viewer (model 2K; Siemens). Each lung
was divided into three zones (upper, middle, and lower) on
frontal radiography. The observers assessed the presence, ap-
pearances (airspace opacities or reticular opacities), distribution,
and size of lung parenchymal abnormalities on each CXR of all
patients. The size of the lesion was assessed by visually estimating
the percentage of area occupied in each zone on each side. The
overall percentage of involvement was obtained by averaging the
percentage of involvement of the six lung zones. The frontal CXR
closest to the date of the lung function test was assessed by two
radiologists, both of whom were blinded to the clinical informa-
tion. The findings were reached by consensus. The assessment
method was described in our previous study.33

Statistical Analysis

Statistical analysis was performed using statistical software
(Statistical Package for Social Science, version 11.0; SPSS; Chi-
cago, IL). Cumulative steroid dosage during inpatient treatment
and outpatient follow-up was converted into hydrocortisone in
milligrams to facilitate analysis of this study. Continuous variables
were compared using independent-sample t test, whereas the
Mann-Whitney U test was used for nonparametric data. Categor-
ical variables were compared using the �2 test. All statistical tests
were two tailed. Statistical significance was taken as p � 0.05.
Univariate analyses were performed to evaluate the potential
determinants of exercise capacity expressed as the 6MWD.
Variables significant in univariate analysis (p � 0.1) were in-
cluded in the multivariate analysis. Age and sex were controlled
in the analysis of the final multivariable models because they are
independent determinants of the 6MWD.16,34 Repeated-mea-
sures analysis of variance (ANOVA) was used to assess serial
changes in 6MWT distance and CXR scores.

Results

Of the first 138 patients with SARS infection in
March 2003, 15 patients (10.9%) died.19 Among the
123 survivors, 13 patients (10.6%) did not attend
follow-up at 3 months and 6 months,16 whereas
another 13 patients (10.6%) defaulted the 12-month
assessment. Of the 13 defaulters at 12 months, 11

patients had normal lung function indexes, whereas
the other 2 patients had Dlco of 68% and 78% of
predicted normal values, respectively, at 6 months.
Thus, there were only 97 patients (78.9%) who had
completed the three assessments; among these, 63
patients (65%) were HCWs (doctors, nurses, ward
assistants, and medical students) and 58 patients
(66%) were women. The mean age was 36.9 years
(SD, 9.5 years) and body mass index (BMI) was 23.7
kg/m2 (SD, 4.0 kg/m2) during the visit at 12 months
from illness onset. The hospital length of stay (LOS)
for the group was 22.7 days (SD, 14.6 days). There
were only three smokers (3.3%) among the whole
group. There were 15 patients with medical comor-
bidities, which included COPD (n � 1; 1.1%); isch-
emic heart disease (n � 1; 1.1%); ischemic stroke
(n � 1; 1.1%); breast cancer (patient in stable clini-
cal condition receiving tamoxifen) [n � 1; 1.1%];
diabetes mellitus (n � 3; 3.3%); cirrhosis (n � 1;
1.1%), hypertension (n � 4; 4.1%); and asymptom-
atic hepatitis B carrier (n � 3; 3.3%).

Among the 97 patients, 31 patients (32%; 17 men
and 14 women) required ICU admission, with an
ICU LOS of 13.5 days (SD, 15.6 days; median, 7
days; range, 2 to 64 days), whereas 6 patients (5.5%)
required invasive mechanical ventilation. Based on
our ICU admission criteria,19 all 31 patients would
have a Pao2/fraction of inspired oxygen ratio � 300
mm Hg, whereas the 6 patients who were intubated
had a Pao2/fraction of inspired oxygen ratio � 200
mm Hg. Among these 31 patients, 6 patients had
medical comorbidities, including ischemic heart dis-
ease (n � 1; 0.9%), diabetes mellitus (n � 1; 0.9%),
hypertension (n � 2; 1.8%), and asymptomatic hep-
atitis B carrier (n � 2; 1.8%), but none had any
history of smoking or pulmonary disease.

Lung Function Tests and Respiratory Muscle
Strength

An overview of the serial lung function tests and
respiratory muscle strength results for the group are
shown in Table 1. Overall, lung volume parameters
and surface area for exchange were well preserved at
3, 6, and 12 months. There was significant reduction
in Dlco, FEF25–75, and alveolar volume (Va),
whereas there was an increase in Kco over the study
period of 12 months. Pimax and Pemax values � 80
cm H2O were noted in 16 patients (14.5%) and 8
patients (7.3%), respectively, at 12 months.

The frequency of SARS survivors with lung func-
tion parameters � 80% of predicted values is as
follows: 3 months, FEV1 (n � 3; 3.1%), FVC (n � 6;
6.2%), VC (n � 6; 6.2%), TLC (n � 7; 7.3%), Dlco
(n � 13; 13.5%), and Kco (n � 2; 2.1%); 6 months,
FEV1 (n � 4; 4.1%), FVC (n � 4; 4.1%), VC (n � 5;
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5.2%), TLC (n � 8; 8.2%), Dlco (n � 15; 15.5%),
and Kco (n � 1; 1.0%); and 12 months, FEV1
(n � 5; 5.2%), FVC (n � 4; 4.1%), VC (n � 5; 5.2%),
TLC (n � 5; 5.2%), Dlco (n � 23; 23.7%), and Kco
(n � 0; 0%). Thus, there were 23 patients (23.7%)
with impaired Dlco, whereas up to 5.2% of patients
had reduction in parameters of lung volume at 12
months.

6MWD

The mean 6MWD increased significantly, from
464 m (SD, 87 m) at 3 months to 502 m (SD, 97 m)
and 511 m (SD, 90 m) at 6 months and 12 months,
respectively (p value for trend � 0.01). When the
subjects were stratified into different age groups and
compared to the corresponding normative values,
their exercise capacity was generally significantly
lower than the normal subjects (Table 2). The
6MWDs of the SARS survivors at 3, 6 and 12
months, in comparison with normative data, are
shown in Table 3.

Determinants of 6MWD

Univariate followed by multivariate analyses, con-
trolled for age and gender, were performed to look
for factors associated with 6MWD (Table 3). At 3
months, there was no independent predictor identi-
fied, whereas percentage of predicted FVC was the
only positive independent predictor for 6MWD at 6
months. At 12 months, the independent positive

predictors for 6MWD were percentage of predicted
FVC and percentage of predicted Dlco.

CXR and Correlations With Lung Function and
6MWD

Thirty-seven patients (38.1%) were noted to have
abnormal total CXR scores at 3 months involving
3.9% (SD, 3.5%; range, 0.5 to 15%) of the total lung
fields, whereas 32 patients (33%) had abnormal CXR
scores involving 3.1% (SD, 3.4%; range, 0.8 to 15%)
of the lung fields at 6 months. At 1 year, 27 patients
(27.8%) had abnormal CXR findings involving 2.9%
(SD, 3.1%; range, 0.8 to 15%) of lung fields. By
repeated-measures ANOVA analysis of patients with
abnormal CXR scores (n � 37), there was a signifi-
cant trend for improvement from 3 to 12 months
(p � 0.001).

Correlations between the extent of CXR abnor-
mality vs cumulative steroid dosage, lung function
parameters, and 6MWD at 12 months were exam-
ined. There was a significant positive correlation
between the extent of radiographic abnormalities
(percentage of lung fields) and the cumulative hy-
drocortisone dosage (r � 0.43, p � 0.01). There
were significant negative correlations between the
extent (percentage) of radiographic abnormalities
and TLC (r � � 0.25, p � 0.01) and Dlco
(r � � 0.37, p � 0.01). However, no significant cor-
relations were noted between the extent of radio-
graphic abnormalities vs 6MWD (r � � 0.14,
p � 0.17), FEV1 (r � � 0.08, p � 0.42), RV (r � � 0.21,

Table 1—Results of Serial Pulmonary Function Tests and Respiratory Muscle Strength Among SARS
Survivors (n � 97)*

Parameters 3 mo 6 mo 12 mo

FVC, % of predicted 102.8 (14.0) 103.6 (14.5) 104.1 (14.7)
FEV1, % of predicted 107.5 (14.6) 106.8 (14.9) 106.5 (14.9)
FEF25–75, % of predicted 96.0 (25.6) 90.0 (27.7) 87.7 (26.4)†
TLC, % of predicted 104.5 (18.0) 106.0 (16.7) 105.8 (16.1)
VC, % of predicted 103.1 (14.5) 103.5 (14.9) 103.7 (15.3)
RV, % of predicted 106.3 (48.6) 110.6 (43.2) 109.7 (38.3)
Dlco, % of predicted 95.9 (17.2) 95.5 (19.4) 91.8 (17.7)‡
Kco, % of predicted 107.1 (14.4) 110.9 (14.3) 114.0 (14.5)§
Va, L 4.5 (1.1) 4.3 (1.1) 4.1 (1.1)�
Pimax, % of predicted 108.7 (29.8) 107.0 (28.1) 109.5 (28.3)
Pemax, % of predicted 73.6 (17.4) 74.6 (19.7) 74.6 (18.9)

*Data are presented as mean (SD).
†In comparison between 12 months and 3 months, the mean difference for FEF25–75 was � 8.2% (95% CI, � 11.2 to � 5.2; p � 0.001), whereas
the mean difference was � 2.2% (95% CI, � 5.1 to 0.7; p � 133) in comparison between 12 months and 6 months (p value for linear trend
� 0.001).

‡In comparison between 12 months and 3 months, the mean difference for Dlco was � 3.8% (95% CI, � 6.6 to � 1.0; p � 0.008), whereas the
mean difference was � 3.7% (95% CI, � 6.0 to � 1.4; p � 0.002) in comparison between 12 months and 6 months (p value for linear trend
0.008).

§In comparison between 12 months and 3 months, the mean difference for Kco was 7.0% (95% CI, 4.5 to 9.5; p � 0.01), whereas the mean
difference was 3.2% (95% CI, 1.1 to 5.2%; p � 0.004) in comparison between 12 months and 6 months (p value for linear trend � 0.001).

�There was a significant decrease in Va from 3 to 12 months (mean difference, 0.32; 95% CI, 0.23 to 0.40; p � 0.01), and from 6 to 12 months
(mean difference, 0.19; 95% CI, 0.11 to 0.28; p � 0.01) �p value for linear trend � 0.001	.
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Table 2—6MWD Among SARS Survivors (n � 97) at 3, 6, and 12 Months After Illness Onset in Comparison With HK Normative Data*

Variables

6MWD, m

Normal,
Mean (SD) 3 mo, Mean (SD); Mean 
 (95% CI) 6 mo, Mean (SD); Mean 
 (95% CI) 12 mo, Mean (SD); Mean 
 (95% CI)

Survivors (n � 97)† NA 464 (87); NA 502 (97); NA 511 (90); NA
Age group 21 to 30 yr (n � 29)

Men 651 (105); �n � 80	 493 (53); � 158 (� 195 to � 121)
�n � 14	‡

543 (72); � 108; � 166 to � 50;
�n � 14	‡

538 (39); � 113 (� 145 to � 81 m)
�n � 14	‡

Women 600 (84); [n � 85	 454 (85); � 146 (� 193 to � 99)
�n � 15	‡

490 (99); � 110 (� 158 to � 62)
�n � 15	‡

516 (89); � 84 (� 131 to � 37)
�n � 15	‡

Age group 31 to 40 yr (n � 40)
Men 645 (93) [n � 78	 513 (82); � 132 (� 180 to � 85)

[n � 18	‡
551 (98); � 94 (� 143 to � 45)

[n � 18	‡
561 (89); � 84 (� 132 to � 36)

[n � 18	‡
Women 606 (86) [n � 108	) 480 (70); � 126 (� 164 to � 87)

[n � 22	‡
507 (49); � 99 (� 126 to � 72)

[n � 22	‡
514 (55); � 92 (� 121 to � 62)

[n � 22	‡
Age group 41 to 50 yr (n � 19)

Men 623 (80) [n � 38	 488 (88); � 135 (� 213 to � 58)
[n � 14	‡

544 (132); � 79 (� 247 to 89)
[p � 0.26; n � 5	

542(97); � 81 (� 160 to � 29)
[n � 5	�

Women 541 (67) [n � 79	 395 (78); � 146 (�187 to �105)
[n � 14	‡

468 (78); � 73 (� 114 to � 32)
[n � 14	‡

467 (104); � 74 (� 136 to � 12)
[n � 14	§

Age group 51 to 60 yr (n � 9)
Men 588 (68) [n � 23	 331 (83); � 257 (� 361 to � 152)

[n � 2	‡
405 (89); � 183 (� 289 to � 78)

[n � 2	‡
459 (178); � 129 (� 1,727 to 1,469)

[NS; n � 2	
Women 534 (89) [n � 33	 405 (98)� 129 (� 205 to � 53)

[n � 7	‡
362 (109); � 172 (� 250 to � 94)

[n � 7	‡
401 (92); � 133 (� 208 to � 58)

[n � 7	‡

*NA � not applicable; NS � not significant. 
 � mean difference compared to normal.
†Including one female patient aged 61 years with 6MWDs of 492 m, 465 m, and 419 m at 3, 6, and 12 months, respectively. Data are presented as mean (SD).
‡Significant at p � 0.01.
§Significant at p � 0.03.
�Significant at p � 0.05.
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p � 0.05), FVC (r � � 0.19, p � 0.06), Kco (r � � 0.16,
p � 0.11), Pimax (r � � 0.02, p � 0.88), and Pemax
(r � 0.09, p � 0.41).

Comparison of Patients Who Required ICU
Support vs Those Who Were Treated on the
Medical Wards

Patients who had required ICU admission
(n � 31; 17 men and 14 women) had a higher peak
lactate dehydrogenase (LDH) level, a higher peak
C-reactive protein (CRP) level, a longer hospital
LOS, and received a significantly higher total steroid
dose than those who did not require ICU care (Table
4). The lung function tests at 12 months showed
significantly lower percentage of predicted FVC, VC,
TLC, RV, and Dlco in survivors who required ICU

support than those who were treated on medical
wards, although no significant difference was noted
for 6MWD and respiratory muscle strength between
the two groups (Table 5).

Health Status Among SARS Survivors and Its
Correlation With Lung Function Parameters

By repeated-measures ANOVA of the serial scores
of the eight SF-36 domains for the entire cohort over
12 months, there were significant trends for mean
improvement in RP of 37.6 (SD, 39.7), 61.1 (SD,
43.8), and 58.5 (SD, 43.0) at 3, 6, and 12 months,
respectively [p for trend � 0.001]; SF of 63.4 (SD,
25.0), 72.4 (SD, 22.5), and 68.9 (SD, 25.1) at 3, 6,
and 12 months, respectively [p for trend 0.001]; and
RE of 51.6 (SD, 43.8), 68.4 (SD, 39.5), and 63.6 (SD,

Table 3—Predictors of 6MWD at 3, 6, and 12 Months From Symptom Onset (n � 97)

Predictors

3 mo 6 mo 12 mo

Univariate
Analysis SE

Multivariate
Analysis

(Adjusted
R2 � 0.16) SE

Univariate
Analysis SE

Multivariate
Analysis

(Adjusted
R2 � 0.31) SE

Univariate
Analysis SE

Multivariate
Analysis

(Adjusted
R2 � 0.34) SE

BMI
� coefficient � 2.679 1.896 � 3.560 2.375 � 3.433 2.261
p Value 0.161 0.137 0.132

Total steroid dose
� Coefficient 0.000 0.001 0.000 0.001 0.000 0.001
p Value 0.674 0.690 0.697

LOS
� Coefficient � 1.773 0.578 � 1.065 0.681 � 1.460 0.659 0.244 0.675 � 0.989 0.623
p Value 0.003 0.122 0.029 0.719 0.116

ICU
� Coefficient � 9.124 19.047 27.001 20.866 28.048 19.447
p Value 0.633 0.199 0.153

Baseline LDH
� Coefficient � 0.005 0.053 0.077 0.057 0.040 0.053
p Value 0.923 0.181 0.446

Peak LDH
� Coefficient � 0.003 0.051 0.091 0.056 0.034 0.052
p Value 0.958 0.105 0.508

Peak CRP
� Coefficient 0.212 0.183 0.313 0.218 0.052 0.181
p Value 0.251 0.155 0.776

FVC % predicted
� Coefficient 1.786 0.605 0.100 1.26 3.399 0.585 2.452 1.193 2.773 0.561 2.863 1.021
p Value 0.004 0.937 0.000 0.043 0.000 0.007

FEV1 % predicted
� Coefficient 1.643 0.581 0.667 0.937 3.000 0.586 0.127 1.097 1.942 0.586 �1.593 0.954
p Value 0.006 0.545 0.000 0.908 0.001 0.098

Dlco % predicted
� Coefficient 0.78 0.505 1.842 0.472 0.454 0.541 2.439 0.457 1.216 0.522
p Value 0.126 0.000 0.404 0.000 0.022

Kco % predicted
� Coefficient � 0.381 0.603 0.140 0.626 � 0.079 0.636
p Value 0.530 0.823 0.901

Total CXR score
� Coefficient � 2.964 2.988 � 5.808 4.040 � 6.112 4.407
p Value 0.324 0.154 0.169
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42.8) at 3, 6, and 12 months, respectively [p for trend
� 0.001], whereas there was worsening of GH: 53.4
(SD, 19.7), 51.5 (SD, 19.2), and 49.1 (SD, 19.1) at 3,
6, and 12 months, respectively (p for trend 0.023).
There were no significant serial changes in PF, BP,
VT, and MH (data not shown).

Correlations between lung function parameters,
6MWD, and SF-36 domains at 12 months are shown
in Table 6. In general, there were significant positive
correlations between lung function parameters
(FVC, VC, FEV1, and Dlco) with several SF-36

domains (PF, RP, GH, SF, and RE). 6MWD had
significant positive correlations with all SF-36 do-
mains except MH.

SF-36 domain scores at 3, 6, and 12 months after
illness onset in patients who did and did not require
ICU support during the acute illness in comparison
to normative data are shown in Figure 1 (more data
are available only in on-line supplemental Tables
7–9). There was significant impairment of health
status among our SARS survivors at 12 months
compared to control subjects of the same age groups.

Table 4—Comparison of Demographics, Biochemical Markers, and Steroid Dosage in SARS Survivors Who
Required ICU Support vs Those Treated on Medical Wards*

Variables ICU (n � 31) No ICU (n � 66) 95% CI Between Groups; p Value

Age, yr 38.4 (9.8) 35.0 (9.2) � 0.7 to 7.5; 0.10
Male gender, No. 17 22 p � 0.05
BMI at 3 mo, kg/m2 24.0 (3.8) 22.6 (4.9) � 0.6 to 3.4; 0.18
BMI at 6 mo, kg/m2 24.3 (3.8) 23.1 (4.2) � 0.6 to 3.0; 0.18
BMI at 12 mo, kg/m2 24.6 (3.6) 23.2 (4.2) � 0.4 to 3.1; 0.12
Hospital LOS, d 32.4 (19.8) 18.1 (8.3) 6.9 to 21.8; � 0.01†
CRP baseline, mg/dL 26.4 (28.1) 20.1 (27.4) � 6.8 to 19.4; 0.34
CRP peak, mg/dL 77.1 (61.6) 33.3 (37.3) 18.7 to 70.0; � 0.01†
LDH baseline, U/L 357.8 (201.3) 283.4 (164.4) � 6.2 to 154.9; 0.07
LDH peak, U/L 522.3 (157.0) 349.6 (169.6) 97.6 to 247.7; � 0.01†
Cumulative steroid dosage (hydrocortisone), mg 18,881 (11,425) 7,805 (6,200) 6,646 to 15,506; � 0.01†
CXR total score at 12 mo, % mo 1.6 (3.1) 0.4 (1.1) 0.04 to 2.4; 0.04†

*Data are presented as mean (SD) unless otherwise indicated.
†Statistically significant.

Table 5—Comparison of Lung Function Indexes, Respiratory Muscle Strength, and 6MWD in SARS Survivors Who
Required ICU Care (n � 31) vs Those Treated on Medical Wards (n � 66)*

Variables

ICU/No ICU

3 mo 6 mo 12 mo

FVC, % of predicted 94.3 (14.0)/106.8 (12.2);
7.0 to 18.0; � 0.01†

98.6 (15.8)/106.0 (13.3);
1.3 to 13.5; 0.02†

98.5 (13.6)/106.8 (14.5);
2.1 to 14.4; 0.01†

FEV1, % of predicted 102.0 (13.1)/110.0 (14.7);
1.8 to 14.1; 0.01†

103.8 (12.7)/108.2 (15.7);
� 2.0 to 10.8; 0.18

103.8 (11.5)/107.7 (16.2);
�2.6 to 10.3; 0.23

VC, % of predicted 94.7 (15.1)/107.0 (12.5);
6.4 to 18.1; � 0.01†

98.4 (16.4)/105.8 (13.6);
1.0 to 13.8; 0.02†

98.8 (16.2)/106.0 (14.5);
0.6 to 13.7; 0.03†

TLC, % of predicted 94.6 (16.1)/109.0 (17.2);
7.0 to 21.7; � 0.01†

98.2 (19.3)/109.6 (14.1);
3.4 to 19.3; 0.01†

96.3 (14.3)/110.1 (15.0);
7.3 to 20.2; � 0.01†

RV, % of predicted 96.7 (39.4)/110.7 (51.9);
� 7.2 to 35.1; 0.19

99.9 (51.6)/115.5 (38.2);
� 5.6 to 36.8; 0.15

93.3 (36.1)/117.2 (37.1);
7.8 to 40.0; � 0.01†

Dlco, % of predicted 84.3 (17.5)/101.4 (14.1);
10.5 to 23.7; � 0.01†

87.7 (21.0)/99.1 (17.6);
3.3 to 19.5; 0.01†

85.0 (21.0)/93.8 (18.6);
0.4 to 17.2; 0.04†

Kco, % of predicted 104.9 (13.5)/108.1 (14.7);
� 3.0 to 9.4; 0.31

109.4 (15.3)/111.6 (13.9);
� 4.1 to 8.3; 0.49

116.0 (13.8)/113.1 (14.8);
� 9.2 to 3.4; 0.36

Pimax, % of predicted 104.2 (29.1)/110.7 (30.1);
� 6.5 to 19.6; 0.32

105.6 (30.6)/107.7 (27.0);
� 10.1 to 14.3; 0.73

102.6 (29.7)/112.8 (27.3);
�1.9 to 22.3; 0.10

Pemax, % of predicted 75.7 (14.9)/72.7 (18.5);
� 10.6 to 4.7; 0.44

74.5 (19.1)/74.6 (20.1);
� 8.5 to 8.6; 0.99

74.9 (21.1)/74.4 (17.9);
� 8.7 to 7.7; 0.91

6MWD, m 458.2(86.8) vs 467.3(86.4);
�28.7 to 46.9, p � 0.63

519.7(101.4) vs 492.7(93.2);
�68.4 to 14.4, p � 0.20

530.1(83.5) vs502.0(91.9);
�66.7 to 10.6, p � 0.15

*Data are presented as mean (SD); 95% CI; p value.
†Statistically significant.
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When directly comparing those who had required
ICU admission against those treated on the medical
wards, there was no significant difference in all
SF-36 domains between the two groups at 12
months. When comparing the 25 patients who did
not require intubation in ICU against those who had
required intubation (n � 6), the latter had more
severe lung injury, as reflected by a higher peak
LDH level: median, 466.0 U/L (interquartile range
[IQR, 259.0 U/L]) vs 652.0 U/L (IQR, 124.5 U/L)
[p � 0.02]. There was, however, no statistically sig-
nificant difference with regard to age (36.0 years
[IQR, 15.5 years] vs 36.5 years [IQR, 17.5 years],
p � 0.87) and 6MWD (538.5.7 m [IQR, 170.2 m] vs
548.3 m [IQR, 118.1 m]; p � 0.71) at 12 months. In
addition, there were no significant differences be-
tween the two groups with regard to lung function
indexes and SF-36 domain scores at 12 months (data
available only in on-line supplemental Table 10).

Discussion

This prospective cohort study has shown that
23.7% and 27.8% of SARS survivors had impairment
of Dlco and abnormal CXR findings, respectively,
at 1 year after illness onset. Overall, the serial
assessments of 6MWD showed a significant im-
provement over 12 months, but exercise capacity and
health status were still significantly lower than those
of normal control subjects of the same age groups.
The 1-year lung function indexes (percentage of
predicted FVC, VC, TLC, RV, and Dlco) in survi-
vors who required ICU support were remarkably
lower than those of patients who were treated on
medical wards, although no significant differences
were noted for 6MWD, respiratory muscle strength,
and health status between the two groups. Interest-
ingly, there was no difference in lung function

indexes, exercise capacity, and health status at 1 year
between the ICU-intubated and the ICU-nonintu-
bated SARS patients, although the former had more
severe lung injury.

Based on the HRCT appearance of bronchiolitis
obliterans organizing pneumonia (BOOP) and the
clinical suspicion that progression of the pulmonary
disease might be mediated by the host inflammatory
response,4 pulse methylprednisolone was adminis-
tered during clinical progression of SARS with a
favorable response.7,19,35–37 Lung histopathologic
condition of fatal SARS cases was dominated by diffuse
alveolar damage and extensive consolidation,38–40

but features of BOOP were indeed noted.41

At 6 months after admission to hospital, residual
abnormalities of pulmonary function were observed
in three fourths of the Queen Elizabeth Hospital
cohort in HK (n � 57), mostly consisting of isolated
reductions in Dlco, whereas an abnormal HRCT
score was detected in 75.4% of patients.42 In con-
trast, 15.5% of our SARS survivors had impaired
Dlco at 6 months,16 whereas HRCT performed on
44 patients revealed ground-glass opacification and
reticulation in 38 patients (86.4%) and 35 patients
(92.1%), respectively.43 At 1 year, 23.7% of our
patients had significant impairment of Dlco with
well-preserved Kco. The serial results suggest an
increase of the intra-alveolar diffusion pathway,
which might be the result of diffuse alveolar damage
and/or BOOP initially,38–41 followed by postinflam-
matory changes such as atelectasis, ongoing alveoli-
tis, and parenchymal fibrosis later in the course of
the disease. Our results are similar to a long-term
follow-up study44 in Beijing that reported that 27.3%
of their SARS survivors (85 of 311 patients) had
impaired Dlco, whereas 21.5% exhibited radio-
graphic evidence of lung fibrotic changes at 1 year.
Several studies45–47 on ARDS survivors have shown
that their pulmonary function generally returns to
normal or near normal by 6 to 12 months, but Dlco
may remain abnormal in up to 80% of patients at 1
year after recovery.14 The decreasing trend for Va,
discordant with TLC, observed in our study suggests
there might be maldistribution of the inert gas
during the single-breath Dlco maneuver, such as in
the setting of occult small airway obstruction in some
patients. Although expiratory HRCT was not per-
formed in adult patients,42,43 a pediatric study48 of 47
asymptomatic children at 6 months from diagnosis of
SARS showed that 16 patients (34%) had pulmonary
abnormalities, whereas 8 patients (17%) had evi-
dence of air trapping on expiratory HRCT.

The self-paced 6MWT was performed to evaluate
the global and integrated responses to exercise,
although it did not provide specific information on
the function of individual organs and systems.21

Table 6—Correlations Among HRQoL, Pulmonary
Function, and 6MWS at 12 Months (n � 97)*

SF-36
Domains FVC FEV1 VC TLC Dlco 6MWD

PF 0.31† 0.30† 0.33† 0.13 0.32† 0.52†
RP 0.22‡ 0.27† 0.24‡ 0.06 0.22§ 0.37†
BP 0.13 0.09 0.19 0.04 0.09 0.27‡
GH 0.41† 0.32† 0.41† 0.26† 0.31† 0.43†
VT 0.21§ 0.16 0.23‡ 0.07 0.16 0.25†
SF 0.21§ 0.24‡ 0.25† 0.03 0.21§ 0.30†
RE 0.28† 0.21§ 0.29† 0.09 0.25‡ 0.40†
MH 0.15 0.18 0.16 0.06 0.12 0.08

*Reported values are Pearson correlation coefficients (r).
†Significant at p � 0.01.
‡Significant at p � 0.03.
§Significant at p � 0.05.
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Although showing considerable improvement over
12 months, the 6MWD was markedly reduced for
most age groups compared to normal control sub-
jects. Previous studies12,49 have shown that 6MWD
was substantially lower among ARDS survivors than
control subjects 1 to 2 years after mechanical venti-
lation, whereas the absence of systemic steroid treat-
ment, absence of illness acquired during ICU stay,
and rapid resolution of lung injury were important
factors associated with a longer 6MWD at 3, 6, and
12 months, respectively.12 After controlling for the
known effects of age and gender, our analysis has
shown that percentage of predicted FVC was the
positive independent factor associated with higher
6MWD at 6 months, whereas percentage of pre-
dicted FVC and percentage of predicted Dlco were
the positive independent predictors at 12 months.

Given the relatively well-preserved lung function
in the majority of our SARS survivors, the poor
performance in the 6MWT in most age groups could
be due to additional factors such as muscle wasting,
myopathy, and possibly cardiac diastolic dysfunc-
tion.50 Lau et al51 noted that muscle strength and
endurance were more impaired in proximal than in
distal muscles among survivors in our SARS cohort at
3 months after illness onset. Eighteen of 44 SARS
survivors in Singapore had reduced exercise capacity
at 3 months after hospital discharge that could not be
accounted for by impairment of pulmonary func-
tion.52 These results suggest that the inability to
exercise in recovered SARS patients is primarily due
to extrapulmonary causes such as physical decondi-
tioning and possibly steroid myopathy.51,52 In addi-
tion, 53% of SARS survivors complained of some

Figure 1. HRQoL (SF-36) among SARS survivors at 3, 6, and 12 months after illness onset in
comparison with HK normative data stratified into different age groups.24 The vertical axis represents
SF-36 domain score in mean (SD) from 0 (minimum) to 100 (maximum), whereas the horizontal axis
defines age groups in years. Based on the study by Lam et al,24 there were 1,244 normal subjects and
695 normal subjects in the age groups of 18 to 40 years and 41 to 64 years, respectively. There were
19 SARS survivors and 12 SARS survivors who had required ICU support in the age groups of 18 to
40 years and 41 to 64 years, whereas there were 60 SARS survivors and 19 SARS survivors who did not
require ICU support in the same age groups, respectively. *Significant at p � 0.01. **Significant at
p � 0.03. #Significant at p � 0.05. mth � month.
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degree of large-joint pain, although only 12 patients
(4.7%, including 7 patients in the current study) of
254 SARS survivors in our cluster of hospitals had
evidence of osteonecrosis of the long bones on MRI
conducted at a median of 6.7 months from hospital
admission.53

There are several possible causes for muscle weak-
ness among SARS survivors. More than 60% of our
patients complained of myalgia with elevation of
creatinine kinase in 32.1% suggestive of viral-in-
duced myositis at initial presentation.7 Most of our
patients required bed rest during hospitalization for
an average of 3 weeks. The long period of bed rest
could lead to muscle wasting and deconditioning,
whereas the use of systemic corticosteroid therapy to
suppress immune-mediated lung injury4,7–9,19 could
contribute to myopathy. Steroid myopathy has been
reported in patients administered high-dose steroid
for acute lung transplant rejection54 and status asth-
maticus.55 Critical illness-associated polyneuropathy/
myopathy has also been observed in SARS survi-
vors.56 A small proportion of our SARS patients had
evidence of respiratory muscle weakness. Inspiratory
muscle weakness may cause atelectasis, whereas
expiratory muscle (abdominal and intercostal mus-
cles) weakness may lead to air trapping.

In addition, there was significant impairment of
health status in most SF-36 domains among our
patients at 12 months. There were significant and
positive correlations between lung function parame-
ters (VC, FVC, FEV1, and Dlco) and SF-36 do-
mains such as PF, RP, GH, SF, and RE. There were
also significant positive correlations between 6MWD
and all SF-36 domains except for MH. The results
are not surprising as, in addition to the physical
impairment, the long period of isolation and extreme
uncertainty during the SARS illness had created
enormous psychological stress57 and mood distur-

bances.58 In addition, steroid toxicity, personal vul-
nerability, and psychosocial stressors might have
jointly contributed to the development of psychosis
in some patients.59 Other studies11–14 on acute lung
injury or ARDS survivors unrelated to SARS have
reported impaired health status at 1 to 5 years after
recovery, whereas pulmonary function abnormali-
ties, especially Dlco, correlated with SF-36 do-
mains.13,14

Twenty-seven patients (27.8%) in this study still
had abnormal radiographic scores at 12 months,
although their serial CXRs showed significant im-
provement. The positive correlation between the
extent of residual radiographic abnormalities and the
cumulative steroid dosage used for SARS was ex-
pected, as the former was an indication on the
treatment protocol for more systemic steroid during
the outbreak.4,7,19 The negative correlation between
residual radiographic abnormality and lung volume
parameter (TLC) and parameter of surface area for
gas exchange (Dlco) reflected the physiologic ef-
fects of parenchymal inflammation and fibrosis. Pa-
tients with more severe disease (as reflected by
higher peak LDH level)7,19,35 who had required ICU
support during the acute illness had more residual
opacities on CXRs at 12 months. In addition, they
had more extensive pulmonary injury and fibrosis, as
reflected by a significantly lower lung volume param-
eter (TLC) and Dlco at 12 months than those
treated on the general wards. There were, however,
no significant differences in 6MWD and HRQoL
between the two groups at 12 months. In addition,
there were no differences in any functional parame-
ters between ICU patients receiving and not receiv-
ing mechanical ventilation. Herridge et al12 reported
that 20% of their ARDS survivors had minor abnor-
malities on CXRs at 1 year.

There are several limitations to this study. Firstly,

Table 7—Correlations of CXR Scores vs Steroid Dosage, 6MWD, and Lung Function Test Parameters
at 12 Months (n � 97)

Variables
CXR Score of

Airspace Consolidation
CXR Score of

Reticular Shadows
CXR Sum of Airspace
and Reticular Shadows

Hydrocortisone cumulative dosage r � 0.09; p � 0.39 r � 0.54; p � 0.01* r � 0.43; p � 0.01*
6 MWD r � 0.02; p � 0.85 r � 0.17; p � 0.09 r � 0.14; p � 0.17
FVC % of predicted r � 0.09; p � 0.37 r � 0.27; p � 0.01* r � 0.19; p � 0.06
FEV1 % of predicted r � 0.06; p � 0.59 r � 0.13; p � 0.22 r � 0.08; p � 0.42
VC % of predicted r � 0.13; p � 0.22 r � 0.28; p � 0.01* r � 0.17; p � 0.10
TLC % of predicted r � 0.10; p � 0.31 r � 0.23; p � 0.03* r � 0.25; p � 0.01*
RV % of predicted r � 0.21; p � 0.04* r � 0.10; p � 0.31 r � 0.21; p � 0.05
Dlco % of predicted r � 0.03; p � 0.81 r � 0.41; p � 0.01* r � 0.37; p � 0.01*
Kco % of predicted r � 0.22; p � 0.04* r � 0.06; p � 0.55 r � 0.16; p � 0.11
Pimax % of predicted r � 0.08; p � 0.46 r � 0.03; p � 0.80 r � 0.02; p � 0.88
Pemax % of predicted r � 0.04; p � 0.70 r � 0.12; p � 0.24 r � 0.09; p � 0.41

*Statistically significant.
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Table 8—HRQoL (SF-36) Among SARS Survivors (n � 31) Who Required ICU Admission, at 3, 6, and 12 Months After Illness Onset in Comparison With HK
Normative Data Stratified Into Different Age Groups*

SF-36 Domains/
Age Group, yr

Normal,
Mean (SD)

3 mo vs Normal,
Mean (SD);

Mean 
 (95% CI)

6 mo vs Normal,
Mean (SD);

Mean 
 (95% CI)
12 mo vs Normal,

Mean (SD); Mean 
 (95% CI)

PF
18–40 96.3 (6.6) 82.4 (14.6); � 13.9 (� 20.9 to � 6.9)† 87.1 (10.0); � 9.1 (� 14.0 to � 4.3)† 86.8 (11.0); � 9.4 (� 14.7 to � 4.1)†
41–64 90.6 (12.4) 68.3 (21.5); � 22.3 (� 36.0 to � 8.6)† 72.9 (24.1); � 17.7 (�33.0 to � 2.4)§ 74.2 (22.0);

� 16.5 (� 30.5 to � 2.4)‡
RP

18–40 85.6 (27.7) 30.3 (35.9); � 55.3 (� 72.7 to � 37.9)† 76.3(30.6); � 9.3 (� 21.8 to 3.3) [NS	 80.3 (31.9); � 5.3 (� 17.9 to 7.2) [NS	
41–64 81.6 (31.7) 12.5 (29.2); � 69.1 (� 87.2 to � 51.0)† 27.1 (37.6); � 54.5 (� 72.7 to � 36.4)† 47.9 (48.2); � 33.7 (� 64.5 to � 3.0)§

BP
18–40 86.4 (19.4) 71.0 (27.5); � 15.3 (� 28.7 to � 2.1)‡ 73.7 (22.1); � 12.7 (� 21.5 to � 3.8)† 71.5 (24.8); � 14.8 (� 26.9 to � 2.8)‡
41–64 82.6 (22.9) 64.2 (31.7); � 18.4 (� 38.7 to 1.9) �NS	 69.1 (27.7); � 13.5 (� 26.7 to � 0.4)§ 62.6 (28.1); � 20.0 (� 33.2 to � 6.9)†

GH
18–40 59.5 (19.4) 55.6 (20.3); � 3.9 (� 12.7 to 4.9) [NS	 52.4 (15.1); � 7.1 (� 15.9 to 1.6) [NS	 48.4 (15.1); � 11.1 (� 19.8 to � 2.3)‡
41–64 53.2 (20.1) 44.1 (18.4); � 9.2 (� 20.6 to 2.3) [NS	 49.7 (20.8); � 3.6 (� 15.1 to 7.9) [NS	 47.1 (22.0); � 6.2 (� 17.7 to 5.4) [NS	

VT
18–40 60.2 (18.3) 50.3 (8.3); � 9.9 (� 14.0 to � 5.8)† 50.5 (11.4); � 9.7 (� 15.2 to � 4.1)† 44.0 (15.5); � 16.2 (� 24.5 to � 8.0)†
41–64 60.3 (18.9) 46.7 (10.3); � 13.7 (� 20.3 to � 7.0)† 47.9 (12.3); � 12.4 (23.1 to � 1.7)‡ 46.3 (15.1); � 14.1 (� 24.8 to � 3.3)‡

SF
18–40 90.2 (16.2) 57.2 (26.5); � 33.0 (� 45.8 to � 20.2)† 77.6 (16.4); � 12.6 (� 20.0 to � 5.3)† 72.4 (24.1); �17.9 (� 29.6 to � 6.2)†
41–64 92.4 (16.5) 58.3 (25.2); � 34.1 (� 50.2 to � 18.1)† 70.8 (22.2); � 21.6 (� 31.1 to � 12.1)† 70.8 (27.9); � 21.6 (� 39.4 to � 3.8)‡

RE
18–40 67.7 (39.4) 54.4 (43.3); � 13.4 (� 31.2 to 4.5) [NS	 82.5 (25.7); 14.7 (2.1 to 27.3)‡ 71.9 (42.0); 4.2 (�13.7 to 22.1) [NS	
41–64 75.0 (37.0) 19.4 (30.0); � 55.5 (� 76.6 to � 34.4)† 47.2 (48.1); � 27.2 (� 49.0 to � 6.5)‡ 55.6 (43.4); � 19.4 (� 40.6 to 1.8) [NS	

MH
18–40 71.8 (15.6) 63.6 (13.9); � 8.7 (� 15.7 to � 1.6)‡ 67.8 (12.8); � 4.0 (� 11.1 to 3.0) [NS	 63.4 (18.3); � 8.5 (� 15.6 to � 1.4)‡
41–64 73.1 (17.6) 61.0 (20.1); � 12.1 (� 22.1 to � 2.0)‡ 68.3 (19.0); � 4.7 (� 14.8 to 5.3) [NS	 66.3 (20.6); � 6.7 (� 16.8 to 3.4) [NS	

*From Lam et al.24 Among the normal control subjects, 1,244 subjects and 695 subjects were in the age groups 18 to 40 years and 41 to 64 years, whereas there were 19 subjects and 12 subjects who
were SARS survivors in the same age categories, respectively. NS � not significant.
† Significant at p � 0.01.
‡Significant at p � 0.03.
§Significant at p � 0.05.
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Table 9—HRQoL (SF-36) Among SARS Survivors (n � 66) Who Did Not Require ICU Admission at 3, 6, and 12 Months After Illness Onset in Comparison With
HK Normative Data Stratified Into Different Age Groups*

SF-36 Domains/
Age Groups

Normal,
Mean (SD)

3 mo vs Normal,
Mean (SD);

Mean 
 (95% CI)

6 mo vs Normal,
Mean (SD);

Mean 
 (95% CI)

12 mo vs Normal,
Mean (SD);

Mean 
(95% CI)

PF
18–40 96.3 (6.6) 84.8(15.8); � 11.5 (� 16.0 to � 7.0)† 84.1 (16.5); � 12.2 (� 16.9 to � 7.4)† 83.6 (18.4); � 12.7 (� 17.9 to � 7.4)†
41–64 90.6 (12.4) 60.6 (24.6); � 30.0 (� 43.2 to � 16.8)† 64.1 (25.6); � 26.6 (� 40.2 to � 12.9)† 60.3 (28.1); � 30.3 (� 45.3 to � 15.3)†

RP
18–40 85.6 (27.7) 49.5 (41.8); � 36.1 (� 48.1 to � 24.1)† 74.0 (40.7); � 11.6 (� 23.3 to 0.1) [NS	 61.0 (40.8); � 24.6 (� 35.3 to � 12.9)†
41–64 81.6 (31.7) 28.1 (32.8); � 53.5 (� 69.3 to � 37.7)† 28.1 (41.7); � 53.5 (� 75.9 to � 31.1)† 32.8 (41.6); � 48.8 (� 71.1 to � 26.5)†

BP
18–40 86.4 (19.4) 79.4 (22.2); � 7.0 (� 12.5 to � 1.4)‡ 70.5 (25.8); � 15.9 (� 23.3 to � 8.5)† 66.6 (23.0); � 19.7 (� 26.4 to � 13.1)†
41–64 82.6 (22.9) 42.9 (18.7); � 39.7 (� 51.0 to � 28.3)† 47.7 (24.9); � 34.9 (� 46.3 to � 23.5)† 48.9 (29.8); � 33.8 (� 49.7 to � 17.8)†

GH
18–40 59.5 (19.4) 58.9 (19.4); � 0.6 (� 6.1 to 4.9) [NS	 56.4 (18.8); � 3.1 (� 8.6 to 2.3) [NS	 54.2 (18.7); � 5.3 (� 10.7 to 0.2) [NS	
41–64 53.2 (20.1) 40.3 (11.6); � 13.0 (� 19.3 to � 6.7)† 36.3 (16.5); � 16.9 (� 26.9 to � 7.0)† 35.4 (16.2); � 17.9 (� 27.8 to � 7.9)†

VT
18–40 60.2 (18.3) 49.1 (11.2); � 11.1 (� 14.4 to � 7.8)† 49.5 (11.2); � 10.7 (� 14.0 to � 7.4)† 48.4 (12.8); � 11.8 (� 15.6 to � 8.0)†
41–64 60.3 (18.9) 39.7 (9.6); � 20.6 (� 25.9 to � 15.4)† 38.1 (15.5); � 22.2 (� 31.5 to � 12.9)† 38.8 (13.8); � 21.6 (� 30.9 to � 12.2)†

SF
18–40 90.2 (16.2) 70.0 (22.9); � 20.3 (� 26.8 to � 13.7)† 75.0 (20.8); � 15.3 (� 21.2 to �9.3)† 72.8 (23.1); � 17.5 (� 24.1 to � 10.9)†
41–64 92.4 (16.5) 53.9 (25.7); � 38.5 (� 52.3 to � 24.8)† 59.4 (29.8); � 33.0 (� 49.0 to � 17.1)† 51.6 (25.0); � 40.9 (� 54.2 to � 27.5)†

RE
18–40 67.7 (39.4) 66.0 (41.8); � 1.7 (� 12.9 to 9.4) [NS	 76.0 (34.4); 8.3 (� 2.8 to 19.4) [NS	 68.0 (40.9); 0.3(� 10.9 to 11.4) [NS	
41–64 75.0 (37.0) 27.1 (38.9); � 47.9 (� 66.3 to � 29.5)† 43.8 (46.7); � 31.2 (� 49.7 to � 12.7)† 45.8 (46.9); � 29.1 (� 47.6 to � 10.7)†

MH
18–40 71.8 (15.6) 69.6 (16.9); � 2.2 (� 6.7 to 2.2) [NS	 67.0 (15.1); � 4.8 (�9.2 to � 0.4)§ 67.2 (18.8); � 4.6 (� 10.0 to 0.8) [NS	
41–64 73.1 (17.6) 48.8 (16.3); � 24.3 (� 33.0 to � 15.6)† 52.0 (18.7); � 21.1 (� 29.8 to � 12.3)† 58.8 (18.8); � 14.3 (� 23.1 to � 5.6)†

*From Lam et al.24 Among the normal control subjects, 1,244 subjects and 695 subjects were in the age groups 18 to 40 years and 41 to 64 years, whereas there were 50 subjects and 16 subjects who
were SARS survivors in the same age categories, respectively. See Table 9 for expansion of abbreviation.

†Significant at p � 0.01.
‡Significant at p � 0.03.
§Significant at p � 0.05.
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we did not perform cardiopulmonary exercise testing
(CPET), as many patients complained of generalized
muscle weakness on initial follow-up. CPET would
also be too labor-intensive for a large cohort of SARS
survivors. Nevertheless, reduced pulmonary gas ex-
change has been detected with CPET in some
survivors of SARS at 3 months with normal Dlco.52

Secondly, only 97 of 123 survivors (79%) in the
cohort had completed the serial assessments over 12
months, and the results might not be representative
of the entire cohort. Thirdly, we assessed respiratory
muscle strength with mouth pressure, but low
Pemax values do not always indicate expiratory
muscle weakness and might result from technical
difficulties such as mouth leakage. Lastly, we could
not measure the effects of extrapulmonary factors
(such as muscle deconditioning, steroid or viral-
induced myopathy, cardiac diastolic dysfunction,
critical illness polyneuropathy and/or myopathy) in
the poor performance of the 6MWT. It is difficult to
determine the contribution by psychological and
motivational factors, as many patients are seeking
compensation for occupation-related SARS.

In summary, this study has shown significant
impairment of Dlco in 23.7% of SARS survivors,
whereas their exercise capacity and health status
were remarkably lower than the general population
at 12 months after illness onset. The functional
disability appears to be out of proportion to the
degree of lung function impairment and may be due

to additional factors such as muscle deconditioning,
steroid-related musculoskeletal complications, criti-
cal illness-related neuropathy/myopathy, and other
psychological factors. Further follow-up is needed to
assess if these deficits are persistent.
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