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AbsTrACT
background and aim Cognitive impairment and sleep 
disorder are both common poststroke conditions and 
are closely related to the prognosis of patients who had 
a stroke. The Impairment of CognitiON and Sleep after 
acute ischemic stroke or transient ischemic attack in 
Chinese patients (ICONS) study is a nationwide multicentre 
prospective registry to investigate the occurrence and 
associated factors of cognitive impairment and sleep 
disorder after acute ischaemic stroke (AIS) or transient 
ischaemic attack (TIA).
Methods Consecutive AIS or TIA in- hospital patients within 
7 days after onset were enrolled from 40 participating sites 
in China. Comprehensive baseline clinical and imaging 
data were collected prospectively. Blood and urine samples 
were also collected on admission and follow- up visits. 
Patients were interviewed face to face for cognition and 
sleep related outcomes at 2 weeks, 3, 6 and 12 months 
after AIS/TIA and followed up for clinical outcomes by 
telephone annually over 5 years.
results Between August 2015 and January 2018, a total 
of 2625 patients were enrolled. 92.65% patients had AIS 
and 7.35% patients had TIA. Overall, the average age was 
61.04 years, and 72.38% patients were male. Median 
National Institutes of Health Stroke Scale score was 3 in 
AIS patients.
Conclusions The ICONS study is a large- scale nationwide 
prospective registry to investigate occurrence and the 
longitudinal changes of cognitive impairment and sleep 
disorder after AIS or TIA. Data from this registry may also 
provide opportunity to evaluate associated factors of 
cognitive impairment or sleep disorder after AIS or TIA and 
their impact on clinical outcome.

InTroduCTIon
With the accelerating process of population 
ageing, stroke has been a leading cause of 
disability.1

Cognitive impairment and sleep disorder 
are both common poststroke conditions and 

are closely related to reduced quality of life, 
poorer functional outcome and more recur-
rent strokes.2–6

Poststroke cognitive impairment (PSCI) 
and poststroke sleep disorder may cast a heavy 
economic burden to families and society.

Stroke is now one of the main diseases 
affecting the health of Chinese people. The 
National Epidemiological Survey of Stroke 
in China reported that there were 11 million 
patients who had a stroke in China in 2013. 
The annual age- standardised incidence is 
247/100 000.7 8 In China, among incident 
and prevalent strokes, ischaemic stroke 
constituted 69.6% and 77.8%.7 Patients with 
PSCI and sleep disorders should be a huge 
population. However, there is currently no 
nationwide multicentre survey of cognitive 
impairment and sleep disorder in acute isch-
aemic stroke (AIS) and transient ischaemic 
attack (TIA) patients in China, except data 
from some cities.9–11 There are also few inter-
national studies on sleep disorder after stroke 
and its impact on the prognosis of stroke.12

There are reports that about 60%–70% of 
people with cognitive impairment also have 
sleep disorder.13 Some research had found 
that sleep fragmentation and abnormal sleep 
duration were both related to poorer cogni-
tive performance and risk of dementia.13–15 
Obstructive sleep apnoea is also linked with 
poorer attention, executive functioning, 
visuospatial and constructional abilities, and 
psychomotor speed in non- demented.16 So 
conducting a registration study to evaluate 
both of them at the same follow- up points 
may help to better explore their connections 
and interactions. Treating sleep problems and 
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Figure 1 The geographical locations of participating sites in ICONS. AIS, acute ischaemic stroke; TIA, transient ischaemic 
attack. Xiaoling Liao illustrated the figure 1.

disorders in patients who had a stroke may be a potential 
strategy to prevent cognitive decline.

We conducted this study to investigate the occurrence 
and the associated factors of cognitive impairment and 
sleep disorder after AIS or TIA in Chinese patients. This 
article introduces the design, rationale and baseline 
patient characteristics of the study.

MeThods
overview of the study
The Impairment of CognitiON and Sleep after acute 
ischemic stroke or transient ischemic attack study 
in Chinese patients (ICONS) is one of the research 
subgroups of China National Stroke Registry- III 
(CNSR- III).17 CNSR- III is a national prospective registry 
that recruited consecutive AIS or TIA in- hospital patients 
within 7 days after onset from 201 hospitals that cover 22 
provinces and 4 municipalities in China.17

In 201 hospitals of the CNSR- III study, the steering 
committee of ICONS chose hospitals nationwide to repre-
sent the population from each region of east, south, west, 
north and centre of Mainland China. Fifty- two hospitals 
with the experience of cognition and sleep research were 
invited initially and 40 hospitals with qualified research 
capability and proved commitment to the study were ulti-
mately selected. The complete list of ICONS members and 
sites could be found in online supplementary appendix 
S1, including 35 grade III hospitals (usually central hospi-
tals for certain city or district) and five grade II hospitals 
(usually hospitals serving several communities). Figure 1 

presented the geographical locations of all participating 
sites.

The primary aim of this study is to investigate the occur-
rence and associated factors of cognitive impairment and 
sleep disorder after AIS or TIA.

Patient enrolment
Between August 2015 and January 2018, in 40 selected 
sites that joined both CNSR- III and ICONS study, all 
patients participating in CNSR- III study were screened. 
If the patient met the criteria of ICONS study and signed 
informed consent, the patient would be also enrolled to 
the ICONS study.

The inclusion criteria of ICONS were same as CNSR- III, 
including: age older than 18 years; in- hospital AIS or TIA 
patients within 7 days after onset. However, the following 
exclusion criteria were added to ICONS, including: 
prior diagnosis of cognitive impairment, schizophrenia 
or psychosis disease; illiterate patients; and concomitant 
neurological disorders that interfere with cognitive or 
sleep evaluation, for example, severe aphasia defined as 
National Institutes of Health Stroke Scale (NIHSS) item 
9＞2, visual impairment, hearing loss, dyslexia, severe 
unilateral neglect or consciousness disorders. AIS and 
TIA were defined according to the WHO criteria and 
confirmed by brain MRI or CT.17 18 Cerebral infarction on 
MRI or CT without symptoms and signs were excluded.

baseline data collection and data management
The baseline data collection and processing methods 
of the ICONS study were same as that of the CNSR- III 
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Figure 2 Flow chart of patient enrolment in ICONS. AIS, acute ischaemic stroke; ICONS, Impairment of CognitiON and Sleep 
after acute ischemic stroke or transient ischemic attack in Chinese patients; TIA, transient ischaemic attack.

study.17 The information was collected including patient 
demographics, education level, occupation, medical 
history, risk factor of stroke assessment, laboratory tests 
and NIHSS score, and in addition to all information in 
the CNSR- III study, patients enrolled in the ICONS study 
were supplemented with medical history information 
including cognitive impairment, insomnia, apnoea and 
restless legs syndrome. For physical examination, meas-
urement of neck circumference was added.

An electronic data capture system (EDC) was developed 
by Zhinantech company and used for data collection. It 
provided the opportunity of simultaneous automatic data 
check for completeness and logical correction of the 
uploaded data and would be better to improve the data 
quality. Independent data monitoring was performed 
through EDC by an independent contract research 
organisation throughout the study period. All data 
were deidentified before data analysis to protect patient 
confidentiality.

biological sample and imaging collection
Biological sample and imaging collection were also same 
as the CNSR- III study.17 Blood samples were collected 
within 24 hours of admission, at 3 months and 12 
months after stroke. Urine samples were collected at the 
first day of enrolment (within 24 hours) and 3- month 
follow- up. In ICONS study, MRI was recommended for 
all patients, including diffusion- weighted imaging with 
apparent diffusion coefficient maps, T1 weighted, T2 
weighted, fluid- attenuated inversion recovery, T2*/

susceptibility- weighted imaging and magnetic resonance 
angiography. All MRI image data were collected in 
DICOM format on discs and sent to the image research 
centre in Beijing Tiantan Hospital for centralised quality 
control, privacy removal, standardised naming and 
double- blind manual interpretation analysis. If interpre-
tation is in doubt, mediation analysis will be conducted by 
the committee of imaging experts.

Follow-up data collection and data management
Information including functional status, cardiovascular/
cerebrovascular events, compliance of recommended 
secondary prevention medication and risk factor control 
was queried at 3 months, 6 months and 1–5 year annu-
ally follow- up by trained research coordinators together 
with CNSR- III study.17 In addition to those above, patients 
enrolled in the ICONS study were supplemented with the 
following information.

At 2 weeks or discharge, 3 months and 12 months, 
Montreal Cognitive Assessment (MoCA),19 20 Pittsburgh 
Sleep Quality Index,21 Epworth Sleeping Scale,22 Anxiety 
Disorder-7,23 Patient Health Questionnaire-9 (PHQ-9),24 
Stroke Impact Scale and general 10 m walking speed 
test were evaluated face to face.25 26 All tests above were 
administered by trained examiners.

At 6 months, if patients could cooperate, comprehensive 
neuropsychological assessment would be performed face to 
face. The scales including MoCA, Auditory Verbal Learning 
Test, Symbol Digit Modalities Test, Verbal Fluency Test, 
Boston Naming Test, Rey- Osterrieth Complex Figure Test, 
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Table 1 Baseline demographic characteristics of ICONS patients

Baseline variables
All patients (N (%))
n=2625

AIS (N (%))
n=2432

TIA (N (%))
n=193 P value

Gender male 1900 (72.38) 1774 (72.94) 126 (65.28) 0.022

Average age (years) 61.04±10.85 60.95±10.78 62.10±11.67 0.160

Race (Han) 2543 (96.88) 2351 (96.67) 192 (99.48) 0.028

Marital status (married) 2483 (94.59) 2298 (94.49) 185 (95.85) 0.42

Living condition before (alone) 155 (5.90) 144 (5.92) 11 (5.70) 0.90

Education level       0.039

  Elementary or below 675 (25.71) 638 (26.23) 37 (19.17)

  Middle school 940 (35.81) 867 (35.65) 73 (37.82)

  High school or above 887 (33.79) 809 (33.26) 78 (40.41)

  Unknown 123 (4.69) 118 (4.85) 5 (2.59)

Family monthly income per capita       0.23

  <700 yuan 95 (3.62) 92 (3.78) 3 (1.55)

  700~2300 yuan 1135 (43.24) 1047 (43.05) 88 (45.60)

  ＞2300 yuan 933 (35.54) 859 (35.32) 74 (38.34)

  Unknown 462 (17.60) 434 (17.85) 28 (14.51)

Occupation       0.005

  Employed 1475 (56.19) 1379 (56.70) 96 (49.74)

  Unemployed 238 (9.07) 212 (8.72) 26 (13.47)

  Retirement 766 (29.18) 699 (28.74) 67 (34.72)

  Unknown 146 (5.56) 142 (5.84) 4 (2.07)

Current smoker 941 (35.85) 890 (36.60) 51 (26.42) 0.005

Secondhand smoking 416 (15.85) 385 (15.83) 31 (16.06) 0.93

Heavy drinker (＞60 g/day) 163 (6.21) 154 (6.33) 9 (4.66) 0.35

Physical activity 1661 (63.28) 1532 (62.99) 129 (66.84) 0.29

ICONS, Impairment of CognitiON and Sleep after acute ischemic stroke or transient ischemic attack in Chinese patients.

Rey- Osterrieth Complex Figure Test, Stroop Color- Word 
Test- Chinese version, Chinese modified version of the Trail 
Making Test- A and B, PHQ-9, Informant Questionnaire on 
Cognitive Decline and activities of daily living. All tests were 
administered by trained examiners.

In the medication survey at each follow- up point, 
antidementia drugs, antidepressant drugs and insomnia 
treatment drugs were added in ICONS. The list of antide-
mentia drug collection information includes donepezil, 
memantine hydrochloride, rivastigmine and galantamine. 
Selective serotonin reuptake inhibitor and selective sero-
tonin–norepinephrine reuptake inhibitors antidepressant 
drugs were both collected., and the list of insomnia treat-
ment drugs included 17 commonly used drugs, such as 
diazepam, estazolam, alprazolam, zolpidem tartrate and 
zopiclone.

statistical analysis
The processing method for dropout were same as that 
of the CNSR- III study.17 Patients who were not eligible at 
the baseline or could not complete the scale evaluation at 
2 weeks were excluded from the study. The association of 
most imaging and biological markers with the occurrence 
of cognitive impairment or sleep disorder will be performed 

by univariate and multivariate Cox proportional hazard 
regression model and HRs with their 95% CIs will be evalu-
ated. For the outcome of poor functional outcome, univar-
iate and multivariate logistic regression will be performed 
and ORs with their 95% CI will be evaluated.

In this article, the analyses focused on the baseline char-
acteristics. Categorical variables were presented as percent-
ages and continuous variables as mean with SD or median 
with IQR. Comparison of baseline variables among different 
groups were performed using χ2 test or Fisher’s exact test 
for categorical variables and t test or Mann- Whitney test for 
continuous variables. The level of significance was p<0.05 
(two sided). All analyses were conducted with SAS V.9.4.

resulTs
The patient recruitment phase had been completed. 
Between August 2015 and January 2018, 4475 patients who 
were enrolled to the CNSR- III study in 40 participating sites 
were screened for the ICONS study. A total 2704 patients 
consented and were registered in EDC at first. Moreover, a 
total of 79 patients were excluded after further verification. 
Finally, a total of 2625 patients who were eligible and had 
completed baseline scale evaluation at 2 weeks entered the 
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Table 2 Baseline medical history and clinical characteristics of ICONS patients

Baseline variables
All patients (N (%))
n=2625

AIS (N (%))
n=2432

TIA (N (%))
n=193 P value

Medical history

  Diabetes 599 (22.82) 562 (23.11) 37 (19.17) 0.21

  Hypertension 1642 (62.55) 1530 (62.91) 112 (58.03) 0.18

  Lipid metabolism disorders 259 (9.87) 234 (9.62) 25 (12.95) 0.14

  Stroke history 581 (22.13) 534 (21.96) 47 (24.35) 0.44

  Cerebral infarction 555 (21.14) 509 (20.93) 46 (23.83) 0.34

  Intracranial cerebral haemorrhage 35 (1.33) 32 (1.32) 3 (1.55) 1.00

  Subarachnoid haemorrhage 5 (0.19) 4 (0.16) 1 (0.52) 0.32

  Transient ischaemic attack 88 (3.35) 64 (2.63) 24 (12.44) 0.001

  Heart disease 356 (13.56) 327 (13.45) 29 (15.03) 0.54

  Coronary heart disease 296 (11.28) 270 (11.10) 26 (13.47) 0.32

  Heart failure 9 (0.34) 9 (0.37) 0 (0.00) 1.00

  Atrial fibrillation 76 (2.90) 72 (2.96) 4 (2.07) 0.48

  Others 17 (0.65) 15 (0.62) 2 (1.04) 0.82

  Carotid artery stenosis 18 (0.69) 15 (0.62) 3 (1.55) 0.13

  Epilepsy 7 (0.27) 7 (0.29) 0 (0.00) 1.00

  Sleep apnoea 34 (1.30) 29 (1.19) 5 (2.59) 0.098

Median time from symptom onset to enrolment (day) 1 (0–2) 1 (0–2) 0 (0–1) 0.031

Median NIHSS score (IQR) 3 (1–5) 3 (1–5) 0 (0–1) 0.001

ICONS, Impairment of CognitiON and Sleep after acute ischemic stroke or transient ischemic attack in Chinese patients; NIHSS, 
National Institutes of Health Stroke Scale.

final programme. A percentage of 92.65 patients were AIS 
and 7.35% patients were TIA. The detailed patient enrol-
ment flow chart was shown in figure 2.

Baseline characteristics of the included patients are 
presented in tables 1 and 2. Overall, 72.38% patients were 
male, and the average age was 61.04 years. Among all 
enrolled patients, 35.85% were current smoker and 6.21% 
were heavy drinker. A percentage of 33.79 had a high 
school or above of education level. A percentage of 22.82 
had diabetes, 62.55% had hypertension and 22.13% had 
a past history of stroke. The median time from symptom 
onset to enrolment was 1 day. Median NIHSS score was 3 in 
AIS patients.

dIsCussIon
The ICONS study had collected comprehensive baseline 
information, including comprehensive imaging and biolog-
ical samples. All laboratory tests, imaging and biomarker 
information were under the centralised unified evaluation. 
Benefit from the EDC platform, the quality of the data 
had been highly improved. The overall completion of the 
baseline data was very good, and the missing values   were 
controlled within 1%.

The ICONS study was the first prospective national registry 
study for cognitive impairment and sleep disorders after 
AIS or TIA in an inpatient population in China. It will help 
us to see whether PSCI and sleep disorders of the Chinese 
population have different characteristics and associated 

factors from those of the western populations. Compared 
with previous studies, ICONS study has the advantage of 
combining brief and comprehensive neuropsychological 
tests with longer and more frequent face- to- face follow- ups, 
and by taking advantage of the CNSR- III research platform, 
the patients will be followed for clinical outcomes by tele-
phone annually over 5 years, which is helpful to investigate 
the impact of PSCI or sleep disorder on long- term clinical 
outcomes. This study may promote the Chinese doctors 
to identify and intervene cognitive impairment and sleep 
disorder after AIS/TIA. This may help to further improve 
the quality of life of patients and relieve the stroke burden 
of china.

Of course, we need to explain that the selected 
population of this study could not represent all AIS/
TIA populations. The cognitive evaluation scale used 
in this study is the MOCA scale, which requires a rela-
tively higher degree of patient cooperation. So as we 
introduced in the research method, some patients with 
severe physical disabilities, aphasia or consciousness 
disorders were excluded from this study. The patients 
selected in this study were mainly mild ischaemic stroke 
or TIA patients. However, the mild AIS or TIA popula-
tion may be the stroke population that we should pay 
more attention to. Their physical or language disabil-
ities are relatively mild, so the impact of cognitive 
impairment or sleep disorder on their quality of life is 
relatively more prominent.
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There are several limitations of ICONS. First, 
comprehensive neuropsychological assessment was not 
designed for all time points and only performed at the 
6- month follow- up for some patients who were able to 
cooperate. Second, the two scales for sleep quality eval-
uation used in our study were both only self- reported 
questionnaires. Third, the selected sites in this study 
mostly represented the hospitals with more medical 
resources and expertise than the low- level hospitals.

In conclusion, the ICONS study is a large- scale nation-
wide prospective registry to investigate occurrence and 
the longitudinal changes of cognitive impairment and 
sleep disorder after AIS or TIA. Data from this registry 
may also provide opportunity to evaluate associated 
factors of cognitive impairment or sleep disorder after 
AIS or TIA and their impact on clinical outcome.
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