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ABSTRACT

Objectives There is a lack of knowledge regarding
post-discharge hospitalisation utilisation after transient
ischaemic attack (TIA) in China. The aim of this study is to
quantify rehospitalisation use in survivors of TIA compared
with their own previous hospital use and matched
survivors of stroke.

Design Nested case—control study of electronic medical
records datasets.

Setting 958 hospitals in Henan, China, from July 2012 to
December 2015.

Participants In total, 4823 survivors of stroke were
matched to the TIA cohort (average age: 64.5 years;
proportion of men: 48.4%) at a 1:1 ratio. All subjects with
an onset of stroke/TIA were recorded with a 1-year look-
back and follow-up.

Outcome measures Adjusted difference-in-differences
(DID) values in 1-year hospital lengths of stay (LOSs) and
readmission within 7, 30 and 90 days.

Results There was an increase in hospital admissions in
survivors of TIA in the year after the index hospitalisation
compared with the prior year. Of the 2449 rehospitalisation
events that occurred during the first year after TIA,

stroke (20.6%) was the most common reason for
rehospitalisation. There was no difference in the stroke-
specific readmission rates between the TIA and stroke
cohorts (p=0.198). The TIA cohort had fewer readmissions
within 30 days and 90 days after all-cause discharge
compared with the controls. The corresponding covariate-
adjusted DID values were —3.5 percentage points

(95%Cl —5.3 to —1.8) and —4.5 (95% Cl —6.5 to —2.4),
respectively. A similar trend was observed in the 1-year
LOS. In the stratified analysis, the DID reductions were not
significant in patients with more comorbidities or in rural
patients.

Conclusions Compared with survivors of stroke, survivors
of TIA use fewer hospital resources up to 1year post-
discharge. Greater attention to TIAs among patients with
more comorbidities and rural patients may provide an
opportunity to reduce hospital use.

INTRODUCTION

Readmission and length of hospital stay
(LOS) are frequently used to describe the
utilisation of healthcare resources. Hospital

Strengths and limitations of this study

» The strengths of this study are its large sample size
and the use of difference-in-differences (DID) anal-
ysis which adjusted for trends in the transient isch-
aemic attack (TIA) and stroke cohorts and minimised
potential confounding bias (background bias).

» A limitation of the present study was that some
important and well-known risk factors, such as
smoking and alcohol use, were not included in the
adjusted DID model.

» We were not able to define the first-ever TIA or
stroke based on the self-reported investigation.

» The quality of diagnostic codes might be influenced
by variability in coding practices in hospitals located
in urban and rural areas, but the concordance was
excellent for all types of stroke and TIA (>95%) af-
ter a verification of independent medical charts in
26.7% of records.

readmission significantly accounts for the
high cost of inpatient care and indicates poor
outcomes in the short term.' ™ Additionally,
LOS is considered to be associated with the
cost burden of ischaemic stroke and transient
ischaemic attack (TIA).* With the growing
prominence of readmission as an outcome
of interest,” some studies report that post-dis-
charge readmission frequently occurs with
estimates varying from 9.8% to 21% at 30
days, 17% to 35% at 90 days and 31% to 55%
at 1year after acute stroke or TIA.***

From the perspective of the utilisation of
hospitals among patients with TIA, we can
provide evidence on the importance of urgent
investigation and treatment of TIA. However,
there isalack of knowledge regarding post-dis-
charge hospitalisation utilisation in patients
with TIA who survive to hospital discharge
in China because of the current focus on
recurrent stroke after TIA."" ' Increasing the
knowledge of hospital utilisation of patients
with TIA is necessary. Unlike a stroke whose
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symptoms are obvious with rapidly developing signs of
disturbance of cerebral function which often last 24 hours
or longer, the symptoms of many unheeded TIAs such as
weakness, numbness or visual problems may be confused
with some less worrisome causes and usually last only a
few minutes (and certainly no more than 24 hours) L2 The
risk of recurrent stroke and death after a stroke is defi-
nitely high."” '* Although TIA generally does not cause
permanent brain damage, TIA comprises more than
40% of 30 day recurrent strokes.'” Since Chinese patients
with TIA are largely unaware, undiagnosed and under
treated,'® knowledge of the prognosis of TIA is particu-
larly important in China.

In addition, previous studies have inconsistent
results on the comparison of the risk of adverse events
(including readmission and mortality) between first-ever
TIA and stroke cohorts.'” ™ The diverse backgrounds
of the management and treatment of patients in different
countries may account for the majority of this contro-
versy. However, none of these studies were conducted in
China. Furthermore, the comparison of changes in pre—
post hospitalisation utilisation (hospital use before and
after the index hospitalisation) between TIA and stroke
cohorts, which is used to understand whether the impact
of TIA on subsequent hospital use is different from similar
cohort and for different reasons, is also limited.

The objectives of this study were to evaluate subsequent
hospital use of survivors of TIA compared with their
own previous hospital use, which was useful to assess the
extent to which changes were associated with TIA, as well
as to examine the pre—post changes among survivors of
TIA relative to those in matched patients with stroke.

METHODS

Study design and population

This nested case—control study was conducted based on
data from the electronic medical record (EMR) data-
base in the Henan Province, China. In total, 958 hospi-
tals involved in acute stroke care contributed, during the
period from July 2012 to December 2015. This study was
exempted by the ethics committee of Zhengzhou Univer-
sity in China. In this study, patients aged =20 years who
had been admitted with a first-ever acute stroke (cere-
bral haemorrhage, cerebral infarction or subarachnoid
haemorrhage) or TIA to the hospitals and subsequently
survived to hospital discharge were included. The stroke
cohort was regarded as the control group. The index
stroke/TIA hospitalisation occurred between 21 August
2013 and 31 December 2014, which was defined as a first-
ever TIA or a stroke without a history of cerebrovascular
disease based on previous EMR baseline data (using a
l-year to 2-year look-back before the index hospitalisa-
tion) that was linked to medical insurance datasets. The
index hospitalisation of a TIA (G45, excluding G45.4)
or acute stroke (160, 161, 163, 164) was defined using the
International Classification of Diseases Tenth Revision
(ICD-10) codes with regular application.” *! The length

of observation started 1year before the index hospital
admission to 1year following the index discharge date.

Outcomes

The outcomes of interest were hospital use before and
after the index hospitalisation: (1) 1-year LOS before the
index hospitalisation or after the index discharge, (2)
readmission within 7, 30 and 90 days after an all-cause
discharge in the year prior to and after the index hospital-
isation and (3) readmission for stroke or all causes within
7, 30, 90 and 365 days after index discharge during the
12-month follow-up period. LOS for a hospital admission
was measured in days as the difference between the date
of admission and the date of discharge. Furthermore,
considering that the study population was fixed to the
baseline hospitalisation before the index hospitalisation
(even though many of them would not be readmitted
in the subsequent follow-up), the 1l-year LOS was calcu-
lated using the l-year priorindex or postindex sum of
all single LOSs for patients with readmissions in the year
after the index discharge. The LOS of the index hospi-
talisation was not included in the l-year LOS. Therefore,
the I-year LOS was the excess LOS before/after the index
hospitalisation. For the second type of outcome, we used
the readmission after an all-cause discharge to measure
the simple increase (simple pre—post analysis) in hospital
service use before and after the onset of stroke/TIA as
well as to evaluate the adjusted changes of increases (DID
analysis) between the stroke and TIA cohorts.

Matching of TIA and stroke hospitalisations

A coarsened exact matching approach was implemented
because, while retaining a large sample size, it has useful
advantages relating to the propensity score matching
method and achieves the best possible covariate balance
without making unverifiable assumptions on the data-gen-
eration process.”” ** Stroke baseline hospitalisations were
matched to the baseline TIA hospitalisation at a 1:1 ratio
on eight confounding indicators including age, sex,
living areas (urban and rural), marital status (married,
never married or widowed/divorced), Charlson Comor-
bidity Index (CCI), surgery (yes or no), LOS and type of
health insurance (system for urban employees, system for
urban residents, rural cooperative system, other systems),
without replacement. CCI quantifying 19 conditions or
complications as a prognostic marker for poor outcomes
was calculated by the updated coding algorithms.** The
CCI was matched with a classification of scores of 0, 1 to 2
and 3+. The dichotomous variables, including sex, living
area and surgery, were matched exactly. In terms of LOS,
lengths of 1, 2, 3, 4, 5, 6, 7 and 8 to 30, 31 to 60 and
61+ days were chosen as the matching classifications.”
For age, health insurance and marital status, we used the
default automatic binning algorithm.*®

Statistical analysis
Continuous variables were described with means (SDs) or
medians (IQRs), and categorical variables were described
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with frequencies (percentages). To compare differences
between cohorts, the y test was used for categorical vari-
ables, and the Wilcoxon-Mann-Whitney rank-sum test was
used for continuous variables.

After identifying the stroke subgroup with cerebral
infarction (I63), haemorrhage (I60 or 161) and others
that were not specified as either a haemorrhage or a
cerebral infarction (I64), we constructed Nelson-Aalen
cumulative event curves, with the Kaplan-Meier method,
to demonstrate the timing of the first all-cause and stroke
readmission after the index discharge.

The difference-in-differences (DID) analysis was a
quasi-experimental technique,” which was used to
compare the changes over time in hospital utilisation
between the TIA and stroke cohorts. It was assumed that
the common trends of hospital care needs before the
index hospitalisation among TIA and stroke cohorts were
the same and we measured the changes at 1year following
the index discharge relative to the year prior to the index
hospitalisation.”® The DID estimate was calculated by
subtracting the ‘post’ (follow-up) outcome from the ‘pre’
(look-back) result in the TIA and stroke cohorts™:

DID=difference,,~ difference

A negative value of the DID estimate represents less
absolute hospital needs for survivors of TIA than survi-
vors of stroke. Covariate-adjusted estimates of DID were
adjusted using employment status (employed, unem-
ployed and other), as well as the eight other matching
variables mentioned earlier. By fitting a DID model in
population-based data with the subtraction of back-
ground changes, we can generate estimates of the inde-
pendent effects of stroke /TIA.

Two-tailed and p values less than 0.05 were regarded
as statistically significant. We also performed strati-
fied analyses based on baseline indicators of age group
(=65 or <65), CCI (=3 or <3) and living areas (urban and
rural). All statistical analyses were performed using Stata
V.11 (StataCorp).

Because potential temporal changes in hospitalisation
use and in-hospital mortality might affect the DID esti-
mates, a sensitivity analysis was performed by rerunning
the one-to-one match by quarters of a year, in addition to
the eight other matching variables.

Patient and public involvement
Patients and/or the public were not directly involved in
the design, recruitment or implementation of the study.

RESULTS

Characteristics

In total, 26 505 survivors of a first-ever stroke /TIA met the
inclusion criteria. After a 1:1 matching based on age, sex
and other covariates, 4823 TIA cases and 4823 matched
patients with stroke were included in the subsequent anal-
ysis. The final ascertainment of the study population, with
detailed inclusion and exclusion criteria, is summarised
in figure 1.

Table 1 shows the characteristics of the study subjects
in the year before and after the index hospitalisation. For
the baseline characteristics, the mean age was 64.5+12.6
years old, 51.6% of the subjects were women and the
median comorbidity burden was 1.0 (IQR 0.0-1.0). As
expected, the eight matched characteristics did not differ
significantly between TIA and stroke cohorts in the base-
line comparison. For the follow-up characteristics in the
final record after the index discharge, the median LOS
was 10 days (IQR 7-14) and 11 days (IQR 7-16) for the
TIA and stroke cohorts (p<0.01), respectively, and the
surgery rate differed between the survivors of TIA and
the controls (5.0% vs 9.1%, respectively). Similarly, there
were statistically significant differences in the CCI and
health insurance between the two groups after the index
discharge.

Hospital use in the first year after discharge for stroke/TIA
Hospital use for the overall population in the next year
after the index hospitalisation is shown in online supple-
mentary table 1. Recurrent stroke rates within 30 days
and 90 days were not significantly different between the
two cohorts. The l-year first-readmission rate for survi-
vors of TIA was less frequent than that in the stroke
cohort (p<0.01). The overall in-hospital mortality was
1.0% within 1year. Patients may have >1 rehospitalisation
event, resulting in 5649 readmissions during the l-year
follow-up (see online supplementary table 2). There were
2479 and 3170 readmission events for the TIA and stroke
cohorts, respectively. The three major causes for l-year
readmissions were recurrent stroke (21.4%), respiratory
infection (17.8%) and coronary artery disease (17.0%).
The difference in readmission rates for stroke between
the TIA (20.6%) and stroke (22.0%) cohorts was not
significant (p=0.198). The l-year readmission rate after
index discharge was markedly higher for the subgroups
of patients with more comorbidities (CCI =3) as well as
patients living in urban areas (see online supplementary
tables 3 and 4).

Figure 2 shows the unadjusted risk of all-cause and
stroke readmissions according to stroke subtype and TIA.
Patients with cerebral ischaemic stroke had a significantly
higher risk of readmission for all causes within 1year
compared with patients with TIA as the index hospital-
isation (p<0.05). The l-year Kaplan-Meier estimates of
stroke rehospitalisation were not significant between the
groups (p=0.06).

Hospital services use before and after the index
hospitalisation

In the simple pre—post analyses, there were apparent
increases for both the TIA and stroke cohorts in the year
after the index hospitalisation (figure 3). For 90-day read-
mission after an all-cause discharge, the TIA and stroke
cohorts markedly increased by 3.9 percentage points
(95% CI 2.5 to 5.3) and 9.0 percentage points (95% CI 7.5
to 10.6), respectively. It was also notable that the increase
in the l-year LOS in the two cohorts was significant.

Li'S, et al. BMJ Open 2019;9:€024052. doi:10.1136/bmjopen-2018-024052

3


https://dx.doi.org/10.1136/bmjopen-2018-024052
https://dx.doi.org/10.1136/bmjopen-2018-024052
https://dx.doi.org/10.1136/bmjopen-2018-024052
https://dx.doi.org/10.1136/bmjopen-2018-024052
https://dx.doi.org/10.1136/bmjopen-2018-024052

December 2015

66029 inpatients without stroke or TIA underwent baseline hospitalisations and
had subsequent admissions of a first-ever stroke or TIA from July 2012 to

Age <20 (n=296)

LOS > 180 (n = 126)

December 2014 (n = 37986)

Patients excluded if either of the following apply:
Unknown stroke or TIA newly diagnosis date or discharge date (n = 135)
Index hospitalisation not registered between 21 August 2013 and 31

e  Death on index hospitalisation (n = 905)

T . age
5441 hospitalisations without sex

inpatient mortality

CCI
LOS

(quarter)

Matched one to one by:
living areas

marital status
receiving surgery

health insurance

21064 hospitalisations without
inpatient mortality

4823 stroke hospitalisations

4823 TIA hospitalisations

Figure 1
hospital length of stay; TIA, transient ischaemic attack.

Patients aged =65 years in both groups had a large degree
of increased hospital use.

Changes in hospital use after TIA versus stroke
hospitalisations

The DID estimates of readmissions after an all-cause
discharge and the l-year LOS are shown in figure 3.
There was a significantly smaller increase in the adjusted
l-year LOS of -2.7 days (95% CI -5.3 to -0.2) in the TIA
cohort compared with the stroke cohort. Patients with
TIA had a smaller increase in the adjusted 30day read-
mission rate compared with the stroke cohort by -3.5
percentage points (95% CI 5.3 to —1.8). There was also
a smaller augmentation of -4.5 (95% CI -6.5 to -2.4) in
the adjusted 90-day readmission rate in patients with TIA
compared with patients with stroke. A sensitivity analysis,
using quarters of a year in addition to the other eight
covariates to match 3637 index hospitalisations, demon-
strated analogous tendencies (figure 3).

In most subgroup analyses, the DID reductions of
30-day and 90-day readmission were significant except for
patients with a CCI 23 and patients living in rural areas. It
was obvious that absolute values from the adjusted DID
were high for readmissions in urban patients within 7,
30 and 90 days after an all-cause discharge. The corre-
sponding values were -2.4 percentage points (95% CI
-4.0 to -0.7), —4.6 percentage points (95% CI -6.9 to
-2.4) and -5.3 percentage points (95% CI -7.9 to -2.6),

Flow chart for the identification and matching of the TIA and stroke cohorts. CCl, Charlson Comorbidity Index; LOS,

respectively. Similar large tendencies towards readmis-
sion and LOS were observed in patients with a CCI <3.

DISCUSSION

Based on the large retrospective data, this study had
several key findings. First, hospital use was more frequent
in the stroke cohort than in the TIA cohort in the first
year after the index hospitalisation. Second, recurrent
stroke was the most common reason for rehospitalisa-
tion of the TIA cohort during the follow-up year. There
were no differences in the causes of readmission in either
group. Third, the hospital utilisation after the index
TIA hospitalisation was significantly higher compared
with the previous hospital resources used. Finally, for
the overall population, patients with TIA experienced a
significantly smaller increase in hospital use compared
with patients with stroke. Nevertheless, there were some
discrepant results from different stratified analyses which
offered more details for the increased hospital use among
patients with TIA.

Regarding l-year readmission following the index
discharge, stroke was the most common reason for rehos-
pitalisation which was identical to other reports.'®* More-
over, 36.0% of stroke patients were readmitted in the first
year, which was comparable to studies from other areas
where 1-year readmission rates varied from 31% to 50%
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Table 1 Characteristics over 2 years for the matched survivors of TIA and stroke

Characteristics

Pre-index hospitalisation

Post-index hospitalisation

TIA (n=4823)

Stroke (n=4823)

TIA (n=4823)

Stroke (n=4823)

Matched characteristics

Age, mean (SD) 64.5 (12.6) 64.6 (12.6) 65.5 (12.6) 65.5 (12.6)
Female, n (%) 2489 (51.6) 2489 (51.6) 2489 (51.6) 2489 (51.6)
Rural areas, n (%) 1944 (40.3) 1944 (40.3) 1654 (34.3) 1608 (33.3)
Marital status, n (%)
Married 4486 (93.0) 4486 (93.0) 4428 (91.8) 4423 (91.7)
Never married 69 (1.4) 69 (1.4) 37 (0.8) 29 (0.6)
Widowed/Divorced 268 (5.6) 268 (5.6) 358 (7.4) 371 (7.7)
Receiving surgery, n (%)* 867 (18.0) 867 (18.0) 241 (5.0) 437 (9.1)
CCl, median (IQR)’ 1.0 (0.0-1.0) 1.0 (0.0-1.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0)

LOS (d), median (IQR)’
Health insurance’

11.0 (7.0-15.0) 11.0 (7.0-15.0) 10.0 (7.0-14.0) 11.0 (7.0-16.0)

For urban employees 1934 (40.1) 1934 (40.1) 2004 (41.6) 1978 (41.0)
For urban residents 446 (9.2) 446 (9.2) 492 (10.2) 435 (9.0)
Of rural cooperative scheme 1449 (30.0) 1449 (30.0) 15583 (32.2) 1452 (30.1)
Of other medical schemes 994 (20.6) 994 (20.6) 774 (16.0) 958 (19.9)
Unmatched characteristics
Employment status, n (%)
Employed 2442 (50.6) 2381 (49.4) 2332 (48.4) 2289 (47.5)
Unemployed 1753 (36.3) 1810 (37.5) 1823 (37.8) 1840 (38.2)
Others 628 (13.0) 632 (13.1) 668 (13.9) 694 (14.4)

*P<0.05 (x2 test or Wilcoxon-Mann-Whitney rank-sum test) for matched survivors of TIA and stroke in the period after the index
hospitalisation.

CCl, Charlson Comorbidity Index; IQR, interquartile range; LOS, length of stay; TIA, transient ischaemic attack.

after stroke.? 3032 However, 30.1% of patients with TIA
were readmitted within the first year which was lower than
a previous report (48.3%).” This result was mainly caused
by the large number of elderly subjects in that study, while
there was a large proportion (50.0%) of patients with TIA
aged <65 years in our study.

In addition, patients with TIA were less likely to be read-
mitted within 1year after the index discharge compared
with patients with stroke which is contrary to a previously
published report.'”® The setting in different countries
(Australia and China) may account for this difference.
Compared with this previous report, the key strengths of

A Readmission (all causes) after index hospitalisation B Stroke readmission after index hospitalisation

104

— 404

=
o
1
\
\

30

Others

Cumulative incidence (%
N
(&)
1

Cumulative incidence (%)
S

Follow-up (months) Follow-up (months)

No. at risk
TIA 4754 4223 3857 3560 3352 4811 4684 4593 4506 4425
Cerebral infarction 4163 3560 3187 2914 2722 4267 4154 4007 3901 3861
Haemorrhage 442 371 343 332 317 459 442 429 425 425
Others 79 72 70 65 59 80 78 77 75 74

Figure 2 Nelson-Aalen cumulative incidence curves. (A) First readmission (all causes) within 1year after discharge from the

index hospitalisation. (B) Stroke readmission within 1year after discharge from the index hospitalisation. TIA, transient ischaemic
attack.
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I

Increase (95%CI)

Unadjusted DID Covariates-adjusted DID

TIA Stroke Estimate (95%CI) Estimate (95%CI)
Overall population
Readmission within 7 days (%)  1.8(0.9,2.6) 3.4(25,4.4) -1.7(-3.0,-0.4) . -1.2(-2.5,0.1)
Readmission within 30 days(%) 1.7 (0.6,2.9) 6.0(4.7,7.2) -4.2(-6.0,-2.5) - -3.5(-5.3,-1.8)
Readmission within 90 days(%) 3.9 (2.5,5.3) 9.0(7.5,10.6) =-5.1(-7.2,-3.1) . -4.5(-6.5,-2.4)
1-Year LOS (days) 2.8(1.0,46) 644582 -35(-6.1,-1.0) . -2.7(-5.3,-0.2)
Patients aged < 65 years
Readmission within 7 days (%) 0.8 (-0.3,2.0) 3.1(1.7,44) -2.3(-4.0,-0.5) . -1.9(-3.6,-0.1)
Readmission within 30 days(%) 0.5(-1.1,2.1) 4.7(3.0,6.5) -4.3(-6.7,-1.9) - -3.5(-5.9,-1.1)
Readmission within 90 days(%) 2.3 (0.4,4.2) 7.3(5.2,9.3) -5.0(-7.8,-2.2) . -42(-7.0,-1.4)
1-Year LOS (days) 0.7(-1.5,29) 4.6(1.9,7.2) -3.9(-7.3,-04) - -3.0(-6.4,0.4)
Patients aged > 65 years
Readmission within 7 days (%) 2.7 (1.5,4.0) 3.8 (2.4,5.2) -1.0 (-2.9, 0.8) . -0.6 (-2.4, 1.3)
Readmission within 30 days(%) 3.0 (1.3,4.8) 7.1(5.3,9.0) -4.1(-6.7,-1.5) . -3.5(-6.0, -1.0)
Readmission within 90 days(%) 5.5(3.4,7.6) 10.7 (8.6,12.9) -5.2(-8.3,-2.2) . -4.6(-7.7,-1.6)
1-Year LOS (days) 45(1.8,7.2) 7.8(52 103) -3.3(-7.0,0.5) = -2.6(-6.2,1.1)
Patients living in urban areas
Readmission within 7 days(%) 1.7 (0.6,2.8) 4.7(3.4,59) -3.0(-4.7,-1.3) . -2.4(-4.0,-0.7)
Readmission within 30 days(%) 2.1 (0.6,3.6) 7.5(5.9,9.2) -5.4(-7.7,-3.2) . -4.6(-6.9, -2.4)
Readmission within 90 days(%) 4.4 (2.5,6.2) 10.5(8.5,12.4) -6.1(-8.8,-3.4) . -5.3(-7.9, -2.6)
1-Year LOS (days) 36(1.2,60) 75(52,98) -3.9(-7.2,-0.6) ] -3.0 (-6.3, 0.3)
Patients living in rural areas
Readmission within 7 days(%) 1.8 (0.5,3.2) 0.9(-0.5,2.4)  0.9(-1.1,2.9) . 0.9(-1.1,29)
Readmission within 30 days(%) 1.0 (-0.9,2.9) 2.7(0.7,4.7)  -1.7(-4.4,1.1) . -14(-4.1,1.4)
Readmission within 90 days(%) 2.8 (0.5,5.1) 5.8(3.5,8.2) -3.0(-6.3,0.2) . -2.8(-6.1,0.4)
1-Year LOS (days) 0.6(-1.9,3.0) 26(0.0,51)  -2.0(-55,1.5) . -1.4(-4.9, 2.0)
Inpatients with CCI <3
Readmission within 7 days (%) 1.8 (0.9,2.7) 3.5(2.6,4.5) -1.7(-3.1,-0.4) . -1.6 (-2.9, -0.3)
Readmission within 30 days(%) 1.7 (0.5,2.9) 5.7 (4.4,7.0) -4.0(-5.8,-2.2) . -3.8(-5.6, -2.0)
Readmission within 90 days(%) 3.8 (2.3,5.2) 8.9 (7.4,104) -51(-7.2,-3.0) [ -4.9(-7.0,-2.8)
1-Year LOS (days) 29(1.0,47) 6.3(44,82 -35(-6.1,-0.8) . -3.5(-6.1,-0.8)
Inpatients with CCl = 3
Readmission within 7 days (%) 1.4 (-2.8,5.7) 1.8(-3.2,6.8) -0.4(-6.9,6.2) . -0.6 (-7.1,5.9)
Readmission within 30 days(%) 2.2 (-3.5,7.9) 10.2(3.4,17.0) -8.0(-16.9,0.9) ] -8.2 (-17.0, 0.6)
Readmission within 90 days(%) 5.8 (-1.0, 12.6) 11.3 (3.7, 18.9) -5.5(-15.7,4.7) . -5.8(-15.9, 4.4)
1-Year LOS (days) 2.3(-4.7,9.3) 6.7(-0.6,14.0) -4.4(-14.5,5.7) . -5.5(-15.5, 4.5)
Quarter-matched pairs
Readmission within 7 days(%) 1.7 (0.7,2.7) 4.5(3.4,5.6) -2.8(-4.3,-1.4) = -25(-3.9,-1.1)
Readmission within 30 days(%) 1.7 (0.3,3.1) 6.3(4.9,7.8) -4.6(-6.7,-2.6) . -4.0 (-6.0, -2.0)
Readmission within 90 days(%) 4.0 (2.4,5.7) 8.8(7.1,10.5) -4.8(-7.2,-2.4) . -4.3(-6.6,-2.1)
1-Year LOS (days) 21(02,40) 51(30,72) -3.0(-5.9,-0.2) . -2.9(-5.7,-0.1)
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Figure 3 Unadjusted and covariate-adjusted DID estimates comparing changes in hospital use between the TIA and stroke
cohorts. Covariate-adjusted DID was adjusted for age, sex, area, marital status, CCl, surgery, LOS, health insurance and
employment status. Readmissions indicate patients who were readmitted to hospitals after an all-cause discharge. CCl,
Charlson Comorbidity Index; DID, difference-in-differences; LOS, hospital length of stay; TIA, transient ischaemic attack.

our analysis include a larger sample size and the use of
a DID analysis adjusting for trends in the control group
which minimises potential confounding bias (background
bias).”® To our knowledge, studies on the comparison of
pre—post hospitalisation utilisation between stroke and
TIA cohorts are sparse, and there are no other studies
with similar analyses exploring within-person changes for
patients admitted for TIA.

Currently, there is a lack of knowledge regarding the
rehospitalisation use of survivors of TIA in China.'' In this
respect, the societal benefit of our findings is to increase

the knowledge and awareness of hospital use for patients
with TIA. We found that a TIA independently influenced
hospital use from the simple pre—post analysis. Moreover,
from the reductions of the adjusted DID estimates, we
confirmed that if a patient with TIA sought medical atten-
tion, he/she had a reduction of 4.5% for 90 day hospital
use and a reduction of 2.7 days spent in hospitals during
the follow-up period compared with a patient with stroke.
In other words, patients with TIA receiving the treatment
after seeking medical attention have the benefit of a
lesser need for rehospitalisation than the matched stroke
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cohort. It is noteworthy that the treatment recommen-
dations for a patient admitted for TIA generally include:
antiplatelet therapy, statins, anticoagulation as required
and medication for controlling other conditions such as
high blood pressure and diabetes. Antiplatelet therapy is
the key intervention to reduce the risk of early recurrent
stroke and this kind of secondary prevention within the
first hours and days after a TIA or minor stroke seems
to reduce the risk of recurrent stroke by as much as
80%.* * Additionally, changes in lifestyle behaviours,
such as smoking cessation and weight reduction, are also
important. When improving the strategies of prevention
to reduce unnecessary rehospitalisations, such as a closer
follow-up in primary care, public policy-makers should
pay more attention to TIAs among patients living in rural
areas and patients with more comorbidities based on the
results of stratified analysis. In addition to these strategies
of secondary prevention, the importance of public educa-
tion should be highlighted because patients frequently
fail to recognise or act on TIA symptoms with confusion
and attribution to other (less worrisome) causes and
either delay seeking medical attention or do not seek
medical attention at all.'**® Based on a previous investiga-
tion,'® only 3.08% of Chinese adults had any knowledge
about TIA and a conservative estimate of the number of
Chinese TIA cases who were not admitted to hospitals was
approximately 22.7million people in 2010. Nonetheless,
there is a lack of effective methods to improve the public
sensitivity of patients with TIA to seek medical attention
in a timely manner. At present, the basis of Chinese public
education is formed by the Face, Arm, Speech, Time test
which is effective at improving the recognition of stroke
but not TIA." Public education for TIA recognition is
urgent.

In the stratified analysis of areas, what may contribute
to the non-significance of the estimated DID values is
that adults from rural areas in China are less sensitive to
early symptoms of stroke/TIA and are less likely to use
inpatient services than their urban counterparts.”” Our
study also found that 1year readmission rates (26.6% vs
32.4%) and LOS (median 11 vs 13) after the index TIA
discharge in rural patients were lower than in urban citi-
zens, respectively, which differed from previous findings
that the utilisation of hospitals in patients living in rural
areas was larger than in patients living in urban areas.'® It
is possible that, although rural residents often have poor
adherence to treatments and are unaware of risk factors,
they are influenced by accelerating urbanisation and the
improvement of the Chinese healthcare system in recent
years.”™ * Subsequently, rural patients have better access
to hospital care, indicating that they are able to seek
medical attention from high-level hospital units similar
to urban citizens.* Nevertheless, combined with the
non-significance of the DID estimates in rural survivors,
policy-makers still need to focus on improving public
awareness of suspected TIAs among rural patients.

A previous study reported that inpatients with a stroke
or TIA with a greater number of comorbidities were

associated with readmission within 30 days and 1year
after discharge,'® which is consistent with our finding
that patients with higher CCI scores (23) were more
likely to be readmitted during the follow-up period
(see online supplementary table 4). Meanwhile, a CCI <3
was associated with a reduced need for hospital care in
the TIA cohort compared with the stroke cohort. There
was, however, no significant difference in the adjusted
DID estimates in patients with a CCI =3. The severe
conditions requiring much hospital use both before and
after the index hospitalisation in the two cohorts might
account for this finding. Non-significant reductions in
the DID estimates combined with larger simple pre-
post outcomes for people with a CCI 23 suggest a need
for greater attention to TIAs among patients with more
comorbidities to reduce hospital use.

There are several limitations to the present study. First,
this study did not include socioeconomic characteristics,
lifestyle factors and clinical indicators indicative of the
severity of the illness or the functional status. Additionally,
other types of healthcare resource use, such as medical
visits in the community, were not included, and the assess-
ment of self-reported health status, which was important
for survivors of stroke/TIA and their families during
the follow-up period, was unable to be considered,
because our data could only be extracted from medical
records during the hospital stay. For the severity of the
illness, the CCI, a proxy parameter, was used to alleviate
the influence of the absence of some factors that might
affect outcomes of stroke/TIA. Second, all the subjects
discharged alive were chosen with baseline records on
previous hospitalisations to confirm their index hospi-
talisation of a first-ever TIA or stroke. This method
may lead to an overestimation of readmissions after the
index discharge because hospitalisations were shown to
increase the 30-day and 90-day readmission rates after
discharge in a previous report.*** Since health insurance
covered the overwhelming majority of the Chinese popu-
lation, EMRs were linked to the medical insurance data
to ensure that previous nationwide hospital admissions
were recorded. Third, the use of retrospective data from a
single province may limit the generalisability to the rest of
China. However, Henan Province, situated at the centre
of China is the most populous province in China and
serves approximately 100million people per year. The
utilisation of medical resources in Henan could reflect
the real situation of central China to a large degree.
Finally, ICD coding quality may be contaminated by vari-
ability in coding practices in hospitals located in urban
and rural areas.'® ** To verify the quality of appropriate
codes and reduce this possible bias, we randomly audited
2572 medical charts. The diagnostic concordance was up
t0 99.0% and 91.9% in urban and rural hospitals, respec-
tively. In addition, teaching hospitals are responsible for
training health records technologists from urban and
rural hospitals in Henan each year. Even so, further study
on assessing regional variability from hospital perfor-
mance needs to be explored.®
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CONCLUSION

TIA is a sufficient cause for an increase in hospital utili-
sation. Moreover, there was a smaller increase in hospital
use in survivors of TIA compared with the stroke cohort.
This smaller increase is obvious in subgroups of patients
with fewer comorbidities and patients living in urban
areas. From the perspective of hospital use, individuals
with transient neurological symptoms for which they seek
medical attention have a better prognosis than patients
who had a stroke. Additionally, policy-makers may target
more interventions to reduce unnecessary rehospitalisa-
tions, such as closer follow-up in primary care and the
improvement of the public awareness of TIA among indi-
viduals living in rural areas and individuals with more
comorbidities.
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