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Summary: The independent risk factors to predict mortality of critical severe acute respiratory syn- 
drome (SARS) were investigated. One hundred and two patients diagnosed with critical SARS were 
admitted to hospitals of ShanxiProvince, from March 7, 2003 to June 4, 2003. The patients were 
prospectively studied after admission to access their short term outcomes and the risk factors associ- 
ated with adverse outcomes, defined as death. All the demographic and clinical characteristics were 
studied and univariate and multivariate Logistic regression were employed to access the risk factors. 
The results showed that of the 102 cases, 23 patients died, with a crude mortality rate of 22.5 ~. 
Multivariate Logistic regression revealed that age above 50 [-odds ratio (OR) 1. 10, 95 ~ confi- 
dence internal (CI) 1.03 to 1.16, P=0.  0041, lymphopenia at early stage (OR 14.62, 95 ~ CI 
1.78 to 11.97, P=0.01) were independently associated with mortality. On the other side, psycho- 
therapy (OR0.01, 95 ~ CI 0.00 to 0.06, P%0.001) was independently associated with alive- 
ness. It was concluded that critical SARS is a new disease entity that carries significant mortality 
and morbidity. Specific clinical and laboratory parameters predicting unfavorable and favorable out- 
comes have been identified. 
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Severe acute respiratory syndrome ( S A R S )  
caused by a novel coronavirus E~ :~2 has been de- 
scribed in mainland China since March 2003, and 
several series of patients have been described in the 
literature E4'r'!. Until now, there still no report re- 
garding the risk factors associated with mortality 
of critical SARS and protective effects of psycho- 
therapy. Between March 7, 2003 and June 4, 
2003, 102 adults were admitted to SARS control 
hospitals of Shanxi Province with a diagnosis of 
critical SARS. A treatment protocol including a 
combination of antibiotics and systemic steroids 
was adopted from the beginning of the epidemic, in 
accordance with the guidelines of the National De- 
partment of Public Health of People's Republic of 
Ch inJ  <. Unfor tunate ly ,  without a definitely relia- 
ble treatment regimen ( a t  least in the initial 
phase) ,  the mortality rate has been high. 

We describe the clinical features and short 
term outcomes of these patients,  and attempt to i- 
dentify the initial presenting factors that might ac- 
count for the adverse clinical outcomes. 

1 PATIENTS and METHODS 

1.1  Patients Selection and Group Classification 
All the patients admitted to the SARS control 

hospitals of Shanxi province fulfilled the National 
Department of Public Health criteria for probable 
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critical SARS were included in the study :7~. In 
brief, the definition of SARS is dyspnea with re- 
spiratory rate more 30 t imes/min,  low oxygen sat- 
uration with arterial oxygen pressure (PaOz)  less 
than 70 m m H g  (1 m m H g = 0 .  133 kPa) or pulse 
oxygen saturation less than 93 ~ at 3 - -5  L/min  
nasal or musk oxygen; or acute lung injury (ALI )  
or acute respiratory distress syndrome ( A R D S )  
was diagnosed; multi-lobe pulmonary infiltration 
more than 1/3 or the deteriorated more than 50 ~ 
on the chest radiograph in 48 h; shock or multi-or- 
gan dysfunction syndrome (MODS) ; patients with 
severe comorbidities or combined/complicated with 
other infection or more than 50-years-old. 

All the patients were divided into two groups 
according to survival or death, i. e. the survival 
group and the death group. All the demographic 
and clinical data were prospectively collected and 
entered into the computer based SARS control da- 
tabase of Shanxi Province. Age,  gender, contact 
history, mean consult time, mean temperature 
(early s tage) ,  important comorbidities (cardiovas- 
cular disease, hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease, as thma,  
cerebrovascular accident and chronic renal failure, 
etc) ,  mean fever time (days ) ,  recurrent fever, to- 
tal white cell count at early stage, lymphocyte 
count at the early stage, pulse oxygen saturation,  
the time to start steroids after diagnosis, and psy- 
chotherapy were analyzed. Both univariate and 
multivariate I.ogistic regression were employed to 
identify the independent risk factors to predict 
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death of critical SARS (~able 1). 

"Fable ! The demographics and clinical characteristics of all patients 

Variables Survival group Death group X ~ or t values P 

Gender 

Male 35 13 1,067 0. 302 

Female 44 10 

Age 

~-~ 50 yr 54 8 8. 423 0. 004 

>50 yr 25 15 

Presence of contact history 

Yes 32 15 4. 378 0. 036 

No 47 8 

Mean time to consult a doctor (day) 3•  2•  1. 067 0. 286 

Mean temperature ( ( , x+_s) 39.1-+0.58 39.3•  1. 388 0. t70 

Presence of comorbidities 

Yes 23 12 4. 203 0.04 

No 56 11 

Days of fever 9, 0 ! 6 . 0  8.7_+4.0 t = 0. 204 0. 839 

Recurrent fever 

Yes 43 l0 0. 856 0. 355 

No 36 13 

Total white cell count at early stag(' 

Decrease 30 4 3. 614 0. 164 

Normal range 39 16 

Increase 10 3 

Lymphocyte count at early stage 

Decrease 54 21 4. 469 0. 036 

Normal range 25 2 

Oxygen saturation 

93 ~ 62 18 27.69 <0 .  001 

> 93 ~ 17 5 

The time to start steroids (day) 

7 61 19 0. 306 0.58 

> 7 18 ,1 

Psychotherapy 

Yes 63 1 43. 323 ~0 .  001 

No 16 22 

1 .2  Data Analysis 
Data were expressed as a ~ _-+_-s unless  specified 

otherwise .  S tuden t  t test or ('.hi square test was 
used to compare be tween  groups.  Adverse  ou tcome 
was defined as death. Both univar ia te  and mul t iva -  

riate I.ogistic regress ion  were employed  to ident i fy  

the independen t  risk factors to predict  death of 

critical SARS from the variables  l isted in table 1. 
SPSS (vers ion  10 .0)  was used for all s tat is t ical  an-  

alyses. 

2 RESULTS 

2. 1 Demographic and Epidemic Data 
()ne hundred  and two pat ients  were admi t ted  

to the S A R S  control  hospi ta ls  be tween  7th March 

and 4th June  2003. T w e n t y - t h r e e  pa t ients  were 
died,  giving a crude mor ta l i t y  rate of 22 .5  %. The  
mean  age of the pa t ien ts  was 45. 8 • 15. 4 years.  
The re  were 40 cases ( 39 .2  ~ older more  t han  50 

years and 48 cases ( 4 7 . 1  ~ were males.  T h i r t y -  

five cases ( 34 .3  ~ had one or more comorbid i t ies  

( ca rd iovascu la r  disease,  h y p e r t e n s i o n ,  d iabetes  
me l l i t u s ,  chronic obs t ruc t ive  p u l m o n a r y  disease,  
a s t h m a ,  cerebrovascular  accident and chronic  renal  

fa i lure ,  e tc) .  F o r t y - s e ve n  cases (46. 1 % )  had di- 
rect contact  history.  Fo r ty -one  cases (40.  2 ~ 

c o n s u h e d  to a doctor  wi th in  1 to 3 days ,  35 cases 
( 34 .3  %0) wi th in  4 to 5 days ,  and 26 cases ( 2 5 . 5  

) more than  5 days. The  mean  consul t  t ime was 
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3.6--+-_3.2 days. Once a patient consulted to a doc- 
tor and diagnosed as SARS,  he or she was immedi- 
ately admitted to the SARS control hospital, so the 
consult time is the admission time. The age, con- 
tact history,  important comorbidities were signifi- 
cant difference between groups ( P % 0 . 0 5 )  ; while 
in gender and mean consult time no significant 
difference was found between groups ( P > 0 . 0 5 ,  
table 1 ). 
2 .2  Clinical Characteristics 

The presenting symptoms included fever 102 
cases (100 % ) ,  chills 21 cases (20 .6  % ) ,  cough 
54 cases (52 .9  % ) ,  dyspnea 43 cases (42 .2  % ) ,  
d iar rhea8 cases (7. 8 % ) ,  myalgia 4 cases (3. 9 
%).  Thir ty  cases (29. 4 %) had the temperature 
between 38.0 to 38.9 ~ 63 cases (61 .8  %) be- 
tween 39.0 to 39.9 ~ and 9 cases (8 .8  %) more 
than 40 ~ ; Mean fever time lasted for 9 .0__ 5 .6  
days. Fifty-three cases (52.0  %) had recurrent fe- 
ver. There were no significant difference regarding 
temperature,  mean fever time, and recurrent fever 
between groups ( P > 0 . 0 5 ,  table 1). 
2 .3  Laboratory Test 

Common presenting laboratory findings in- 
cluded total white cell count decreased in 34 cases 
(33.3 % ) ,  in normal range in 55 cases (53.9  % ) ,  
and increased in 13 cases (12 .7  % ) ;  the lympho- 
cyte count decreased in 75cases (73.5 %) ; the ox- 
ygen saturation less than 93 % in 80 cases ( 7 8 . 4  
%).  There was no significant difference in total 
white cell count ( P ) > 0 . 0 5 ) ,  but lymphocyte count 
( P = 0 . 0 4 )  and oxygen saturation ( P % 0 .  001) had 
significant difference between the survival and 
death groups (table 1). 

2 . 4  Steroids and Psychotherapy 
More than 90 0//oo of all cases received steroids 

therapy. In 80 cases (78. 4 % ) ,  no steroids was 
used or the use of steroids time lasted less than 7 
days, while 22 cases (21.6 %) used steroids more 
than 7 days. Sixty-four cases (62. 8 %) received 
psychotherapy. There was no statistical difference 
in the time to start steroids ( P  = 0. 58) ,  while 
there was significant difference in the psychothera-  
py between the two groups ( P ~ 0 .  001, table 1). 
2 .5  Short Term Outcomes 

Seventy-nine cases (77.5  %) were discharged 
and 23 cases were died, giving a crude mortality 
rate of 22 .5%.  
2 . 6  Factors Affecting Mortality Rate 

The univariate Logistic regression showed 
that the mortality risk was greatly increased in 
those aged above 50, presence with important co- 
morbidities, direction contact history,  lymphope- 
nia at early stage, and lack of psychotherapy (table 
2). 

The multivariate non-conditional Logistic re- 
gression model was used to look for independent 
risk factors for mortality. Using a model with age 
above 50, presence of important comorbidities, di- 
rection contact history,  lymphopenia at early 
stage, and lack of psychotherapy,  it was found 
that the age over 50 (OR }. 10, 95 % CI 1 . 0 3 - -  
1 .16,  P = 0 .  004) and the presence of lymphopenia 
at early stage (()R 14.62,  95 % CI 1 .78-11.97 ,  P 
= 0 . 0 1 )  were all independent predictors of death; 
On the other side, psychotherapy (OR 0 .01 ,  95 % 
C1 0.00 to 0 .06 ,  P%0.  001) was independently as- 
sociated with aliveness (table 3). 

Table 2 Analysis of factors affecting mortality using the univariate Logistic Regression 

Variables B Standard error )C 2 P OR 95 ~ C1 

Age ) 50 yr 

Presence of contact history 

Presence of comorbidities 

Lymphopenia at admission 

Presence of psychotherapy 

0.06 0.02 10.04 0. 002 1.06 1.03--1.16 

1.01 0.49 4.20 0.04 2.75 1.0 4.67 

0.98 0.49 4.05 0.04 2.66 1.0--8.0 

1.53 0.78 3.86 0.05 4.63 0.0 0.06 

--4.46 1.06 17.71 %0. 001 0.01 1.78--11.97 

Table 3 Multivariate analysis showing the independent risk factors for mortality using Logistic Regression 

Variables B Standard error g. 2 P OR 95 % CI 

Age ~> 50 yr 0.09 0.03 8.08 0. 004 1.10 1.03--1. I6 

Lymphopenia at admission 2.68 1.07 8.25 0.01 14.62 1.78--11.97 

Presence of psychotherapy --5.19 1.24 17.52 %0. 001 0.01 0--0.06 

3 DISCUSSION 

This study aimed to determine the short term 
outcomes and risk factors on presentation that 
were associated with an adverse clinical course and 

mortali ty in a group of Chinese patients with criti- 
cal SARS. Age above 50 was associated with a 
higher rate of mortality. The results were consist- 
ent with other reports ~8'97. Some reasons may ex- 
plain why the older patients tender to become criti- 
cal cases and predispose to death: firstly, multi-or- 
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gans  func t ion  of ag ing  pa t i en t s  is d e c r e a s e d ,  wi th  
l imi ted  c a r d i o p u I m o n a r y  compl iance  and r e s e r v e ,  

less adopt  ab i l i t y  to in te rna l  and e x t e r n a l  env i ron -  
m e n t ,  easy  to occur  r e s p i r a t o r y  fa i lu re ,  card iac  
fa i lure  and imbahmce  of e l e c t r o l y t e s ;  s e c o n d l y ,  the  
i m m u n e  r e sponse  of the  aging  pa t i en t s  is dec reased  
wi th  less  i m m a t u r e  l y m p h o c y t e s ,  less ab i l i ty  of 
m a c r o p h a g e  to get rid of p a t h o g e n s ,  and the de 
c reased  secre t ive  ab i l i ty  of l y m p h o c y t e s  to p roduce  
special  a n t i b o d y  wi th  the increase  of age ;  t h i r d l y ,  
ag ing  pa t i en t s  u sua l ly  suffer  f rom comorb id i t i e s .  
In  th is  s t u d y ,  35 cases  (34.  ;:{ ~ )  suf fe red  f rom im 
p o r t a n t  c o m o r b i d i t i e s ,  and the l a t t e r  is an inde-  
penden t  r i sk  fac tor  of S A R S  wi th  the  end point  be- 
ing dea th  :<.  F i n a l l y ,  ag ing  pa t i en t s  t ende r  to be 
de layed  d iagnos i s  and t r e a t m e n t  due to a typ ica l  
s y m p t o m s .  A t t e n t i o n  shouht  be paid to aging  cr i t i -  
cal S A R S  p a t i e n t s ,  espec ia l ly  to those  pa t i en t s  
hav ing  comorb id i t i e s .  [ . y m p h o p e n i a  in the  ear ly  
s t a g e ,  inc lud ing  the r educ t ion  of a b s o l u t e  l y m p h o  
cyte  count  and the re la t ive  pe rcen tage  of [ y m p h o  
cyte  of the  who le  whi te  ce l l ,  e spec ia l ly  the  reduc-  

t ion of CD4" , C D 8  , and (.'l):{ ~ l y m p h o c y t e s ,  in- 
d ica tes  co ronav i rus  may  d e s t r o y  l y m p h o c y t e s  in an 
acute  process .  S t u d y  by o the r  a u t h o r s  had shown  
tha t  CD3 ~ cel ls  were  s ign i f i can t ly  reduced  in the  
ear ly  s t a g e ,  reached the b o t t o m  dur ing  the cri t ical  

s t age  and las ted  to d e a t h  ~'' T h e  r e su l t s  of th is  
s t u d y  d e m o n s t r a t e d  tha t  l y m p h o p c n i a  was inde- 
p e n d e n t l y  a s soc ia t ed  wi th  mor t a l i t y .  F o r  this  rea 
son ,  in the  t r e a t m e n t  of cr i t ical  S A R S  p a t i e n t s ,  
s t e ro ids  shou ld  be under  cont ro l  wi th  i n d i c a t h m s ,  
and p r o p h y l a c t i c  use of an t ib io t i c s  may  c o n t r i b u t e  
to p r even t i on  of s econda ry  infect ions .  

Ove r  psycho log ica l  r e sponse  causes  over  ex 
t ens ion  of s y m p a t h e t i c  v a s o c o n s t r i c t o r  nerve and 
the  increase  of c a t e c h o l a m i n e ,  as a r e s u h ,  the  
who le  s y s t e m  vascu la r  bed cons t r i c t s  and amoun t  

of b lood t r ans f e r s  to p u l m o n a r y  c i r cu l a t i on ,  the  a- 
cute  increase  of p u l m o n a r y  vo lume fu r the r  reduces  
the  lung compl i ance ,  inc reases  the  d y s p n e a ,  and 
inc reases  the  d i f f i cuhy  to con t ro l  p u l m o n a r y  infec- 
t ion.  Because  of the  cha rac t e r i s t i c s  c~f S A R S  such 
as h igh  in fec t ion ,  c o n g r e g a l h m ,  and ~he rapid pro 
g re s s  to dea th  of par t ia l  p a t i e n t s ,  many  pa t i en t s  

wi th  S A R S  have severe  p h o b i a ,  such as i n somnia ,  
poor  a p p e t i t e ,  p a l p i t a t i o n ,  and r e pe a t e d ly  consu l t  

to medical  o f f icer ,  etc. F o r  these  r e a s o n s ,  medica l  
s ta f fs  should  ca re fu l ly  exp la in  the  cl inical  and epi-  
demical  c h a r a c t e r i s t i c s ,  as the  op t imis t i c  e mo t ion  
can increase  the  i m m u n e  a b i l i t y ,  t hus  to imp rove  
cl inical  ou tcomes .  T h e  cu r r en t  s t u d y  d e m o n s t r a t e s  
tha t  p s y c h o t h e r a p y  in the  ear ly  s t age  is a s soc ia t ed  
wi th  reduced  m o r t a l i t y  of cr i t ical  S A R S .  
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