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Abstract

Objective. – To evaluate the effects of disease severity, corticosteroids and social factors on neuropsychiatric complaints in severe acute
respiratory syndrome (SARS) patients, both during acute and convalescent phases.

Subjects and methods. – Self-administered mail questionnaires survey to 308 SARS patients after discharging from hospital. Both patients
and their families were asked about symptoms related to various neuropsychiatric domains, and the questions covered both acute and conva-
lescent phases.

Results. – Among the 102 (33%) valid replies, 65% had strong symptoms in convalescent phase as indicated by GHQ28 score ≥ 5. In
multiple linear regression analysis, use of pulse steroid and total dosages of pulse steroid during hospitalisation were predictive for anxiety-
depression, psychosis and behavioural symptoms in acute phase, the effects persisted in convalescent phase. Disease severity had direct
correlation with symptoms in all neuropsychiatric domains at acute phase and anxiety-depression and cognition at convalescent phase. Health
care workers had more neuropsychiatric complaints in both phases. Severity of symptoms, corticosteroids and social factors explained about
half of the variances (R2 = 52) in anxiety-depression at acute phase and 33% at convalescent phase.

Conclusion. – Severe disease, high dose corticosteroids and being health care workers were independent predictors of neuropsychiatric
complaints in both acute and convalescent phases.
© 2004 Elsevier SAS. All rights reserved.
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1. Introduction

Since Spring 2003, severe acute respiratory syndrome
(SARS) prevailed in China and Hong Kong [4,28]. The whole
world was under threat by this highly contagious, devasta-
ting viral pneumonia. The disease, which was later found to
be due to a new coronavirus [21,22], took away 299 lives in
Hong Kong, and 916 worldwide [25]. Princess Margaret Hos-
pital has been designated to receive SARS patients in the early
phase of the epidemic. Five hundred and ninety eight out of
1755 SARS patients were admitted into the hospital.

During the initial stage, much attention has been drawn to
the definition, diagnosis and treatment of SARS.As time went
on, many other complications of the disease and also of the
treatment became apparent. Neuropsychiatric manifestations
were among these complications. We saw patients attempted
suicide during quarantine period, delirium was not uncom-
mon [5], and many were anxious and worrying. Furthermore,
many patients had neuropsychiatric symptoms persisted after
discharge, and some patients developed new symptoms in the
recovery phase. SARS had strong reasons to cause adverse
neuropsychiatric impacts. It affected the whole family, either
as being patients or patient contacts that required quarantine
observations. High dose corticosteroids we used in the treat-
ment, especially in the early epidemic when our knowledge
on SARS was limited, had exposed patients to
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possible steroid related adverse effects. SARS was also a
lethal disease and many patients required mechanical venti-
lation in intensive care units (ICU). Because of the conta-
gious nature and unknown route of transmission, the disease
carried a negative stigmatization. The purpose of our study is
to evaluate the relative contributions of disease severity, use
of corticosteroids and social factors on the symptoms in
various neuropsychiatric domains in acute and convalescent
phases.

2. Subjects and methods

2.1. Survey method

We conducted a questionnaire survey to 308 SARS vic-
tims who attended the Princess Margaret Hospital SARS
follow up clinic from 15 April–15 May 2003. The question-
naires were administered by mail in early June 2003 with
return envelopes. To encourage reply we gave phone call to
all patients before sending them questionnaires. One of the
questionnaires, the SARS Neuropsychiatric Symptoms
Checklist (NPSC), was specifically designed to evaluate the
neuropsychiatric complaints after SARS according to our
initial experiences [5]. It consisted of 25 items covering six
neuropsychiatric domains of interest (see Appendix for ques-
tionnaire), namely cognition (Q1–4), mania (Q5–8), depres-
sion (Q9–15), anxiety (Q16–18), psychosis (Q19–21) and
behavioural symptoms (Q22–25). The items were scored on
a four-point ordinal scale with ‘0’ representing ‘none’and ‘3’
‘always’. This questionnaire was duplicated into four. Two
questionnaires were administered by patients and two were
administered by their families. The first set was rated to the
best of their recall during hospital stay (at acute phase), and
the second set was rated according to their present state (at
convalescent phase). The questionnaires administered by fa-
mily members served to evaluate the reliability of the infor-
mation provided by the patient. Severity of the SARS symp-
toms was recorded on a separate eight-item checklist using
an ordinal scale from 0 to 3, which gave a maximum possible
score of 24. We also included General Health Questionnaire
28 (GHQ28) as a screening tool for psychological well being
at convalescent phase [3]. The study was approved by local
ethics committee, and informed consent was obtained from
every participant.

2.2. Reliability and consistency of NPSC

We performed the Pearson correlation between the patient
rated questionnaire and family rated questionnaire on each
neuropsychiatric domain. Using the strength assessment sug-
gested by Munro [18], moderate strength correlations were
assigned to cognition, depression, psychosis and mania while
the correlation strength in anxiety was low. The items on
behavioural symptoms were not well correlated. We believed
families were difficult to observe the behavioural changes

because they were not allowed to have direct patient contact
during hospital stay. Cronbach a, which indicated the lower
bound of inter-item correlation in a cluster of items [8],
revealed a good internal consistency in the cognition
(a = 0.70), anxiety (a = 0.78) and depression (a = 0.83). The
questionnaire performance in convalescent phase was signi-
ficantly correlated with GHQ28 (r = 0.64, P < 0.001).

2.3. Exploratory factor analysis on NPSC at acute
and convalescent phases

For the acute phase, we extracted six components in the
initial principle component analysis with eigen value more
than one [7]. According to the clustering of items at a factor
loading cutoff of 0.4, we reconstructed the factor domains
into anxiety-depression, psychosis, positive attitude, mania,
cognition and behavioural symptoms, respectively. The com-
mon factors explained 65.3% of the total variances in the
items. The factor structure at convalescent phase was slightly
different from above. Instead of the six domains in acute
phase, we constructed four common factors, namely anxiety-
depression, positive psychological well-being, cognition and
mania, which altogether explained 63% of the total variances
in the items at convalescent phase.

2.4. Relationship between disease severity, use
of corticosteroids, social factors and the neuropsychiatric
symptoms of SARS patients in acute and convalescent
phases

Factors scores calculated in each domain were used as the
neuropsychiatric outcomes of interest for each patient. Ef-
fects of representative variables chosen for SARS severity,
dosage and form of corticosteroids and social factors on the
outcome variables were first examined in the univariate ana-
lysis, covariates were then tested in the multiple linear re-
gression model. We used the SPSS software in statistical
analysis [26]. All tests were two-end conducted at 0.05 level
of significance.

3. Results

We received 102 valid replies, the response rate was 33%.
The demography, social backgrounds and the clinical featu-
res of the replied were tabulated in Tables 1 and 2, respecti-
vely. The mean duration from hospital discharge to question-
naire administration was 42 days (range 26–86). Sixty-six
patients scored five or above in GHQ28, a cutoff level which
indicated severe symptoms and possible benefit from psy-
chiatric consultation.

3.1. Medications given for SARS

All but one patient received ribavirin and corticosteroids.
Most patients received intravenous ribavirin at 1200 mg daily
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for 10–14 days. Different forms of corticosteroids, including
hydrocortisone, prednisolone and methylprednisolone, were
given in various dosages. About half of patients received
pulse methylprednisolone at 500–1000 mg per dose. Apart
from ribavirin and corticosteroids, all patients received po-
tent antibiotics for empirical treatment. Antibiotics com-
monly used included extended spectrum penicillins, macro-
lides, fluoroquinolones and aminoglycosides.

3.2. Neuropsychiatric symptoms at acute and convalescent
phases

As presented in Table 3, neuropsychiatric complaints
were common at both acute and convalescent phases. In the
analysis, only those answered 2 or 3 were regarded as ‘Yes’
for that item. Most of the common complaints, like poor
concentration, memory, insomnia and tension, were consis-
tent with anxiety and depression. A high proportion of time
disorientation could suggest delirium, and psychotic symp-

toms were reported by a few. A decrease in prevalence at
convalescent phase was noticed in most of the checklist items
except poor memory, which persisted at high level of 43%.
There was a higher degree of optimism among patients at
convalescent phase.

3.3. Factors associated with neuropsychiatric complaints
in acute phase

Severity of SARS and the corticosteroids were signifi-
cantly associated with anxiety depression, psychosis and
behavioural problems in acute phase (Table 4). Health care
workers had more anxiety-depression in univariate analysis,
but the effect was not significant after controlling for cova-
riates. Nevertheless, health care worker still had more cogni-
tive problems at shown in our regression model, but they
seemed to be protected from psychosis. All together, our
model predicted 52% of the observed variance in anxiety-
depression and 33% in psychosis. Individually, effects of
disease, corticosteroids and social factors accounted for
29.9%, 2.9% and 18%, respectively of the observed varian-
ces in anxiety-depression, and 11%, 3.1% and 15.7% of the
observed variances in psychosis at acute phase.

3.4. Factors associated with neuropsychiatric complaints
in convalescent phase

In the convalescent phase, the factors were less influential
as the best model only predicted 33% of the observed varian-

Table 1
Demography and social background of SARS survivors

Background
information

N = 102

Age (mean ± S.D.) 37.6 ± 12.4
Male (%) 35 (34.3)
Marital status (%)

Single 34 (33.3)
Married 61 (59.8)
Co-inhabit 2 (2)
Separated 1 (1)
Widowed 3 (2.9)

Education (%)
Primary of below 13 (12.7)
Secondary junior 8 (7.8)
Secondary senior 39 (38.2)
University or above 40 (39.2)

Occupation (%)
Housewife 18 (17.6)
Professional 24 (23.5)
Clerical 21 (20.6)
Labour 4 (3.9)
Service 13 (12.7)
Unemployed 5 (4.9)
Student 4 (3.9)
Others 11 (10.8)

Health care worker (%) 18 (17.5)
Amoy garden residents (%) 39 (38.2)
Religion (%)

Buddhism 15 (14.7)
Taoist 1 (1)
Islam 1 (1)
Christian 14 (13.7)
Catholic 4 (3.9)
Others/none 67 (65.7)

Family members had SARS (%) 27 (26.5)
Family members died of SARS (%) 8 (7.8)
Neighbours/friends died of SARS (%) 11 (10.8)
History of mental illness (%) 2 (2)
History of chronic disease (%) 10 (9.8)

Table 2
Clinical variables of SARS survivors

Clinical
variables

N = 102

SARS symptoms (mean ± S.D.) 8.8 ± 4.7
Dyspnoea (%) 15 (14.7)
Respiratory rate (mean ± S.D.) 18.9 ± 2.2
Initial oxygen saturation (mean ± S.D.) 96.9 ± 2.0
Maximum oxygen requirement (%)

Nil 56 (60.2)
<2l/min 19 (20.4)
3–5l/min 5 (5.4)
6–10l/min 0
>10l/min 13 (14)

Chest radiograph on admisson
Clear 8 (7.9)
Unilateral involvement 78 (77.3)
Bilateral involvement 15 (14.8)

ICU care (%) 10 (9.8)
Mechanical ventilation (%) 3 (2.9)
Pulse steroid (%) 45 (44.1)
Total dosage of pulse steroid in prednisone
equivalent (mg)(median and quartile)

2500 (2342.8, 5000.0)

Accumulated dosage of corticosteroid in pred-
nisone equivalent (mg) during acute phase
(median and quartile)

1662.5 (941.3, 3960.0)

Duration of stay in acute hospital
(mean ± S.D.)

17.2 ± 6.1

Total duration of hospital stay (mean ± S.D.) 20.5 ± 5.6
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ces in anxiety-depression (Table 5). Noteworthy, effect of
corticosteroids persisted in the convalescent period and was
identified as a risk factor against psychological well-being.
Being health care workers, which was not an independent
risk factor for anxiety-depression at acute phase, became a
risk factor at convalescence. Corticosteroids and being health
care workers accounted for 5.1% and 2.8%, respectively of
the observed variances in anxiety depression.

4. Discussion

4.1. Limitations of the study

This study was a retrospective data collection relied on
recalls from patients. The valid response rate at 33% was not
high in a mail questionnaire survey. We learnt that at least
four other studies were carried at the same time, and some

Table 3
Prevalence of symptoms on NPSC items. A score of 2 or 3 was regarded ‘Yes’ for the item

Symptoms Prevalence (%)
at acute phase

Prevalence (%)
at convalescent phase

Symptoms Prevalence (%)
at acute phase

Prevalence (%)
at convalescent phase

Poor concentration 38.2 26.5 Suicidal idea 2.0 0
Impaired memory 41.2 43.1 Crying spell 23.5 13.7
Disoriented in time 33.3 7.8 Irritability/yelling 4.9 3.9
Disoriented in place 3.9 3.0 Fear and panic 26.5 13.7
Pressured speech 20.6 11.8 Tension 36.3 20.6
Euphoric mood 7.8 10.8 Auditory hallucination 3.9 1.0
Unstable mood 29.4 23.5 Visual hallucination 2.0 0
Overly optimistic 14.7 16.7 Persecutory ideas 3.9 2.0
Pessimistic thinking 27.5 14.7 Aggressive behaviors 0 1.0
Insomnia 46.1 22.5 Abscondence 3.0 1.0
Low mood 36.3 18.6 Noncompliance 3.0 2.9
Social isolation 19.6 4.9 Self-injurious behaviors 0 1.0
Reticent and wordless 25.5 7.8

Table 4
Factors contributing to neuropsychiatric symptoms at acute phase, multiple linear regression analysis using factors scores in each construct as dependent
variables

Constructs R2 P-value Disease Std b Steroids Std b Social Std b Miscellaneous Std b
Anxiety-depression 0.52 <0.01 SARS sym 0.42 TPS 0.24 Housewife 0.24 Age -0.20

DOS-acute 0.20 Professional 0.17
Labour 0.19
N/F DSARS -0.20

Psychosis 0.33 <0.01 02>10l/min 0.27 PS 0.16 HCW -0.20
SARS sym 0.35 Fam. DSARS 0.23

Cognition 0.31 <0.01 SARS sym 0.35 HCW 0.24 Mental illness 0.25
Positive altitude 0.15 <0.01 SARS sym -0.28 Fam. Supp. 0.30
Behavioural symptoms 0.09 0.02 SaO2 -0.21 TPS 0.19
Mania 0.08 <0.01 SaO2 0.28

SARS sym, SARS symptoms; DOS-acute, duration of stay in acute hospital; SaO2, oxygen saturation; TPS, total dose of pulse steroid; PS, use of pulse steroid,
N/F DSARS, neighbour/friend died of SARS; HCW, health care worker; Fam. DSARS, family member died of SARS, Fam. Supp., family support; Mental
illness, history of mental illness.

Table 5
Factors contributing to neuropsychiatric symptoms at convalescent phase, multiple linear regression analysis using factors scores in each construct as dependent
variables

Constructs R2 P-value Disease Std b Steroids Std b Social Std b Miscellaneous Std b

Anxiety-depression 0.33 <0.01 SARS sym 0.33 TPS 0.29 HCW 0.22 Mental illness 0.18
N/F DSARS –0.20
Fam. DSARS 0.26

Cognition 0.27 <0.01 CXR-B Student 0.34 Male -0.16
SARS sym Fam. SARS 0.24

Mania 0.23 <0.01
Positive psychological.
well-being

0.16 <0.01 SaO2 0.19 TS –0.22
CXR-B –0.22

SARS sym, SARS symptoms; CXR-B, bilateral involvement on CXR; SaO2, oxygen saturation; TPS, total dose of pulse steroid; TS, total(accumulated) dose
of steroid; HCW, health care worker; N/F DSARS,neighbour/friend died of SARS; Fam. DSARS, family member died of SARS; Fam. SARS, family member
had SARS; Mental illness, history of mental illness.
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patients did not want to join too many different studies. The
age distribution and proportion of health care workers in our
replied sample were similar to the Hong Kong cohort [25],
but the male gender was underrepresented in our sample
(34.3% in the sample vs. 44.3% in Hong Kong cohort). We
did not have a good reason to explain this difference. In a post
hoc survey on the utilization of clinical psychology service
by SARS patients, we found our study sample was compara-
ble to non-responders as well as the Hong Kong cohort,
suggesting a similar psychological outcome. We believed our
sample was representative of the Hong Kong SARS. We
admitted difficulty in assessing the accuracy of information
collected, although the worry was partially offset by the good
item correlation in the family valued answers. The pattern of
correlation, in which easily observed symptoms were better
correlated than the difficult ones, suggested an independent
rating in the questionnaires.

4.2. Disease severity, corticosteroids, social factors
and neuropsychiatric outcomes

We focused on the modifying effects of disease, corticos-
teroids and social factors on neuropsychiatric complaints in
SARS patients. Many of the anxiety-depression symptoms
were adjustment reactions during acute stage of illness, and
some of the symptoms like insomnia and poor concentration
could also represent posttraumatic stress disorder (PTSD)
which was expected to be common in this epidemic. Al-
though we did not have information on psychological well
being in the community during the epidemic as a control, our
findings did show an impact from the factors we studied on
the neuropsychiatric symptoms, both at acute and convales-
cent phases. Our patients were treated in isolation settings
and had lots of uncertainties on their health. These were
similar to patients treated in ICU where many have develo-
ped PTSD as a result [10,11]. We believed these constituted
the main unmeasured variances and might also explain the
inability of our questionnaire to show up the ICU impact.

Non-human coronaviruses like the mouse hepatitis virus
in rats and haemagglutinating encephalomyelitis virus in
pigs could cause demyelination and central nervous system
(CNS) infections [17]. Since the new SARS associated coro-
navirus (SARS-CoV) was postulated to be originated from
animals [9], direct involvement of nervous system in SARS
was not impossible. Although clinical encephalitis was not
seen in our patients, the virus had been identified in the
cerebrospinal fluid [12]. We could not exclude a possible
direct role of SARS-CoV in the neuropsychiatric symptoms
we described.

Neuropsychiatric symptoms after a non-CNS viral infec-
tion were uncommon. The most frequently described neu-
ropsychiatric problem after a viral infection was chronic
fatigue syndrome (CFS), which also shared symptoms of
anxiety and depression [6,23]. Our survey method could not
distinguish CFS from other psychiatric diagnosis. We belie-
ved some of our patients might suffer CFS, especially if their
symptoms persisted.

Previous reports suggested a high prevalence of dose rela-
ted steroid effect on mental problems [2,14,15,20]. Since
most of our patients had been given high dose corticoste-
roids, and there was no control group for comparison, its
relative importance would be underestimated. Despite this
restriction we still demonstrated a significant effect of corti-
costeroids especially on anxiety-depression in both phases,
which was consistent with previous work that 80% of the
steroid induced psychiatric disturbances were affective
symptoms [2].

Our affected health care workers had more anxiety-
depression after recovering from SARS. Health care profes-
sionals were well known to be among the group of high
occupational stress [13]. They were prone to develop overt
psychological reactions under great stress like massive ca-
sualties [1,24]. In fact many unaffected staffs were carried
away with unhappy memories during the epidemic. Many
recovering health care workers still had problem of confi-
dence and role adjustments. Some felt guilty on transmitting
the disease to their families, and some staffs found themsel-
ves being isolated from other colleagues. They also worried
about potential occupational hazards in the future, compen-
sation issues, insurances, new hospital policies, etc. To ad-
dress the importance of psychological health, the hospital has
incorporated psychology sessions in the newly implemented
infection control trainings. We encouraged psychology mo-
dules in medical and nursing schools, and consultation servi-
ces should be easily assessable by all frontline medical staffs.

Our preliminary finding on a high prevalence of memory
impairments at convalescence would need further confirma-
tion. It could be steroid related. Through its effect on hippo-
campal metabolism, a big dose of exogenous steroid could
induce reversible memory impairments as shown both in
healthy subjects [16] and in treatment of multiple sclerosis
patients [19]. Chronic stimulation in the case of Cushing’s
disease could cause atrophy of the hippocampus [27]. Poor
memory could also be a symptom of CFS which frequently
accompanied with viral infections [6]. Adrenal insufficiency
after steroid withdrawal is another possibility, especially
when both the dosage was high and the duration was long.
Further study is definitely required.

5. Conclusion

Our study suggested severity of SARS, high dose corti-
costeroids and being health care workers were independent
predictors of neuropsychiatric complaints in both acute and
convalescent phases.
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Appendix

SARS neuropsychiatric symptoms checklist
Filled in by recovered SARS patients. During the period

of hospitalization, you may have the following symptoms.
Please indicate the frequency of each symptom with fol-
lowing scale:

0 = Not present
1 = Sometimes
2 = Often
3 = Always
1. Poor concentration
2. Impaired memory
3. Disoriented in time
4. Disoriented in place
5. Pressured speech
6. Euphoric mood
7. Unstable mood
8. Overly optimistic
9.Pessimistic thinking
10. Insomnia
11. Low mood
12. Social isolation
13. Reticent and wordless
14. Suicidal idea
15. Crying spell
16. Irritability/ yelling
17. Fear and panic
18. Tension
19. Auditory hallucination
20. Visual hallucination
21. Persecutory ideas
22. Aggressive behaviors
23. Abscondance
24. Noncompliance
25. Self-injurious behaviors
SARS Neuropsychiatric Symptoms Checklist

Filled in by recovered SARS patients. After discharge
from hospital and cessation of steroid, you may have the
following symptoms. Please indicate the frequency of each
symptom with following scale:

0 = Not present
1 = Sometimes

2 = Often
3 = Always
1. Poor concentration
2. Impaired memory
3. Disoriented in time
4. Disoriented in place
5. Pressured speech
6. Euphoric mood
7. Unstable mood
8. Overly optimistic
9. Pessimistic thinking
10. Insomnia
11. Low mood
12. Social isolation
13. Reticent and wordless
14. Suicidal idea
15. Crying spell
16. Irritability/ yelling
17. Fear and panic
18. Tension
19. Auditory hallucination
20. Visual hallucination
21. Persecutory ideas
22. Aggressive behaviors
23. Abscondance
24. Noncompliance
25. Self-injurious behaviors
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