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In-hospital medical complications
associated with stroke recurrence after
initial ischemic stroke
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Abstract
In-hospital medical complications are common and strongly associated with the risk of death and dependency in stroke patients.
Whether similar associations extend to stroke recurrence is unclear. We prospectively and systematically investigated whether in-
hospital medical complications are associated with recurrent stroke of patients in the China National Stroke Registry (CNSR). We
examined patients with initial ischemic stroke enrolled in CNSR between 2007 and 2008. Recurrent stroke at 3, 6, and 12 months
post-stroke was used as stroke outcome. Medical complications were associated with stroke outcomes using multivariable logistic
regression.
Of the 7593 study patients, recurrent stroke occurred in 1115 (14.7%) within 12 months after stroke onset. In-hospital medical

complications were independent risk factors for stroke recurrence in patients with initial ischemic stroke at 3 months (adjusted odds
ratio (OR)=2.19, 95% confidence interval (CI) 1.85 to 2.60), 6 months (adjusted OR=2.04, 95% CI 1.74 to 2.38), and 12 months
(adjusted OR=1.88; 95% CI 1.62 to 2.19) after onset. The persistence of secondary prevention medications in patients with
complications was lower than that in patients without complications.
Stroke recurrence post-acute ischemic stroke is significantly associated with in-hospital medical complications.

Abbreviations: CI = confidence interval, CNSR = the China National Stroke Registry, IQR = interquartile range, M = month,
NIHSS = National Institutes of Health Stroke Scale, OR = odds ratio, SD = standard deviation, TIA = transient ischemic attack.
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1. Introduction

Stroke is a major cause of disability and death worldwide,[1–5]

affecting 7 million people each year in China.[2] Although initial
stroke events play a principal role in the outcome of stroke,
recurrent stroke events are relevant to higher mortality rates and
disability levels.[6] Given these results, identifying factors that are
associated with recurrent stroke is critical. Stroke recurrence
is also an important factor in evaluating the quality of health
care services. Several studies have identified potential
predictors of recurrent stroke, including age,[7–12] race,[11]

hypertension,[8,13–17] diabetes mellitus,[7,9,13,17,18] atrial fibril-
lation,[8,10,14,16] ethanol abuse,[17,19] smoking,[16] hyperlipid-
emia,[15] elevated homocysteine,[20] patent foramen ovale,[21]

and metabolic syndrome.[22] In-hospital medical complications
represent potentiallymodifiable factors contributing to recurrent
stroke events. Previous studies have demonstrated that medical
complications are strong risk factors for poor outcome in
patients with stroke.[23–31] Data from the ChinaNational Stroke
Registry (CNSR) further confirmed that in-hospital medical
complications were independently associated with a greater risk
of death or dependency in patients with stroke.[32,33] Despite this
evidence, little is known about the association of medical
complications with recurrent stroke. We therefore hypothesized
that the presence of medical complications during hospitaliza-
tion predicts stroke recurrence within 12 months after initial
ischemic stroke.
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2. Methods

2.1. Data collection and study population

The CNSR study is a national, prospective cohort investigation of
patient characteristics, risk factors, the stroke care system, and
the outcomes of patients with acute stroke in China. Details of the
study design have been reviewed previously.[34] Patients with
acute stroke were eligible for this prospective registry study if they
met the following recruitment criteria: adults of either sex, acute
stroke diagnosed using World Health Organization ICD-10
criteria and brain CT or MRI confirmation, patients within the
first 14 days after onset of stroke, and written informed consent
obtained from patients or surrogate. Patients with initial ischemic
stroke were included in this analysis. Enrolled patients who were
diagnosed with recurrent ischemic stroke, intracerebral hemor-
rhage, subarachnoid hemorrhage, or transient ischemic attack
(TIA) and refused follow-up were excluded in this analysis. The
recruitment period for the CNSR study was between September
2007 and August 2008, and follow-ups were completed in
August 2009. We collected data at baseline, at discharge, and at
3, 6, and 12 months after stroke onset. At baseline, every patient
was interviewed and evaluated by a trained investigator who
recorded demographic information, medical history, family
history of stroke, baseline National Institutes of Health Stroke
Scale (NIHSS) scores, and other clinical characteristics. The
baseline severity of neurological impairment was determined by
baseline NIHSS score.[35] During hospitalization, complications,
treatments, and other relative information were recorded. Details
of secondary preventionmedications and other clinical character-
istics were recorded at discharge and at 3, 6, and 12 months after
patients were recruited. The information was usually obtained
from the patient, otherwise the details of the patient were
obtained from surrogate or caregiver. Patients were divided into
two groups: those with and without in-hospital medical
complications.
2.2. Definition of medical complications

All in-hospital medical complications were clarified as non-
neurological complications that occurred during the in-hospital
period and required an intervention. Pneumonia, urinary tract
infection, gastrointestinal bleeding, decubitus ulcer, deep vein
thrombosis, and pulmonary embolism were included according
to paper-based registry forms. The same criteria were used for
diagnosing in-hospital medical complications by all the partici-
pating clinical centers to record each medical complication. The
in-hospital medical complications were defined as described
previously (Supplementary Table 1, http://links.lww.com/MD/
B273).[32]
2.3. Ascertainment of outcomes

Recurrent stroke was used as clinical outcome in this analysis.
The outcomes of interest were defined as having either a new
neurological deficit or a new deterioration of a previous
deficit, including ischemic, hemorrhagic, or undetermined
stroke (according to WHO criteria) from hospital discharge to
12-month follow-up assessment. Certificates were faxed to
Beijing Tiantan Hospital when stroke recurrence was reported
by the patient, surrogate, or caregiver during follow-up. A
judgement was required for any suspected stroke recurrence
by the research coordinators as well as the principal
investigator.
2

2.4. Definition of medication(s) persistence

Persistence to secondary prevention medications was determined
for the 3 types of medications: antiplatelet agents (including
aspirin or clopidogrel), antihypertensive agents (including
calcium-channel blockers, angiotensin converting enzyme inhib-
itors, angiotensin receptor blockers, beta-blockers, or diuretics),
and diabetic agents (insulin or oral agents). Standard scripts were
used to collect the data on medication(s) persistence. Medication
(s) information at discharge after disease onset was considered as
the reference value for assessing persistence. Persistence to
medications was defined as medication(s) continuation during
discharge and 12-month post-onset.
2.5. Statistical analysis

Categorical and continuous variables were respectively expressed
as number with proportions, and mean with standard deviation
(SD) or median with interquartile range (IQR). Differences
between patients with complications and patients without
complications were tested by using a t-test for continuous
variables and the x2 test for categorical variables. For identifying
associations between the patient characteristics and stroke
recurrence, univariate logistic regression analyses were per-
formed and presented as unadjusted odds ratios (ORs) with their
corresponding 95% confidence intervals (CIs). For identifying
associations between in-hospital medical complications and
stroke recurrence, univariate logistic regression analyses and
multivariate logistic regression analyses were performed and
presented as unadjusted ORs with their corresponding 95% CIs
and adjusted ORs with the 95% CIs. Adjusted potential
covariates included age, sex, baseline NIHSS, hypertension,
diabetes mellitus, hyperlipidemia, history of coronary heart
disease, family history of stroke, atrial fibrillation, current
smoking status, dysphagia, heavy alcohol intake, anticoagulant
treatment, thrombolytic treatment, and types of health insurance.
Missing values are treated as the most categories or the categories
based on clinical perspective. SAS statistical software, version 9.4
(SAS Institute Inc., Cary, NC) was used to analyze data,
considering statistical significance by a two-tailed probability
value of<0.05.
2.6. Standard protocol approvals and patient consents

The study design and procedures were approved by the
institutional review in each participating hospital before
screening subjects for CNSR. Written informed consent was
obtained from all patients or surrogates of patients recruited in
the study.

3. Results

Overall, 22,216 hospitalized patients with stroke from 132 sites
were enrolled in the CNSR study. Of these, 18,580 stroke
patients agreed to participate in the follow-up studies following
their first visit, of which there were 12,415 patients with ischemic
stroke. We excluded 4234 individuals with recurrent stroke and
588 individuals missing follow-up data, leaving 7593 partic-
ipants with initial ischemic stroke in the final analysis (Fig. 1). The
prevalence of pneumonia, urinary tract infection, gastrointestinal
bleeding, decubitus ulcer, deep vein thrombosis, and pulmonary
embolism during hospital was 10.6%, 3.2%, 2.2%, 0.5%, 0.4%,
and 0.3%, respectively. Of 7593 patients, 1061 (13.9%) patients
had an in-hospital medical complication(s).
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Figure 1. Flow diagram of study population.
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Figure 2. The clinical outcomes of the study at 3, 6, and 12 months after
disease onset. M=months.
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We reported the baseline characteristics of participants having
initial ischemic stroke without or with in-hospital medical
complications (Table 1). The median age was 64, and 61.4%
were male. In general, compared with participants without in-
hospital medical complications, participants with complications
were significantly more likely to be older; to have a history of
coronary heart disease, atrial fibrillation, and higher NIHSS
scores; and to be receiving anticoagulants or thrombolytic
treatment. Participants with complications were less likely to
have diabetes mellitus and a family history of stroke. There were
no significant differences in the proportion of hypertension,
Table 1

Baseline characteristics of patients with initial ischemic stroke (N=7

Variable Total (N=7593) Without medical compli

Age, mean±SD, y 64±13 63±13
Age category, n (%)
<65 years 3657 (48.2) 3372 (51.6
≥65 years 3936 (51.8) 3160 (48.4

Male, n (%) 4660 (61.4) 4114 (63.0
Hypertension, n (%) 4363 (57.5) 3756 (57.5
Hyperlipidemia, n (%) 674 (8.9) 592 (9.1)
Diabetes mellitus, n (%) 1267 (16.7) 1123 (17.2
Coronary heart disease, n (%) 957 (12.6) 759 (11.6
Atrial fibrillation, n (%) 772 (10.2) 496 (7.6)
History of TIA, n (%) 189 (2.5) 169 (2.6)
Family history of stroke, n (%) 874 (11.5) 786 (12.0
Anticoagulant treatment, n (%) 1803 (23.7) 1498 (22.9
Thrombolytic treatment, n (%) 298 (3.9) 243 (3.7)
Baseline NIHSS, median (IQR) 5.0 (2.0–9.0) 4.0 (2.0–
Types of health insurance
GHI 5775 (76.1) 4970 (76.1
Commercial 244 (3.2) 205 (3.1)
Self-payment 1574 (20.7) 1357 (20.8

GHI=government health insurance, IQR= interquartile range, NIHSS=National Institutes of Health Stro

3

hyperlipidemia, history of TIA, and types of health insurance for
participants with or without complications.
The clinical outcomes of this study at 3, 6, and 12 months after

stroke are shown in Fig. 2. The rate of recurrent stroke at 3, 6,
and 12 months after initial ischemic stroke was 10.9% (824
patients), 13.4% (1019 patients), and 14.7% (1115 patients),
respectively. The rate of recurrent stroke was significantly higher
in participants with complications than that in patients without
complications at all-time points (Fig. 2).
The univariate logistic regression analysis showed that age,

diabetes mellitus, coronary heart disease, atrial fibrillation,
history of TIA, having anticoagulants, having thrombolytic
treatment, baseline NIHSS, and types of health insurance were
significantly associated with recurrent stroke at 3, 6, or/and 12
months after stroke (Table 2). In-hospital medical complica-
tions were associated with greater risk of recurrent stroke
events in analyses adjusted for age, sex, baseline NIHSS,
hypertension, diabetes mellitus, hyperlipidemia, history of
coronary heart disease, history of TIA, family history of stroke,
atrial fibrillation, current smoking status, dysphagia, heavy
alcohol intake, anticoagulant treatment, thrombolytic treat-
ment, and types of health insurance (Fig. 3). The adjusted ORs
of recurrent stroke were approximately 2.2-fold, 2.0-fold, and
593).

cations (n=6532) With medical complications (n=1061) P

70±12 <0.001

) 285 (26.9) <0.001
) 776 (73.1) <0.001
) 546 (51.5) <0.001
) 607 (57.2) 0.859

82 (7.7) 0.156
) 144 (13.6) 0.003
) 198 (18.7) <0.001

276 (26.0) <0.001
20 (1.9) 0.173

) 88 (8.3) <0.001
) 305 (28.7) <0.001

55 (5.2) 0.023
8.0) 11.0 (5.0–18.0) <0.001

0.757
) 805 (75.9)

39 (3.7)
) 217 (20.4)

ke Scale, SD= standard deviation, TIA= transient ischemic attack.
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Table 2

Univariate logistic regression analyzing the effect of confounders on stroke recurrence at 3, 6, and 12months after initial ischemic stroke.

Stroke recurrence OR (95% CI)

Variables 3M 6M 12M

Age 1.02 (1.01–1.03) 1.03 (1.02–2.5) 1.03 (1.02–1.03)
Female vs male 1.07 (0.88–1.30) 1.17 (0.98–1.41) 1.15 (0.97–1.37)
History of smoking 0.90 (0.73–1.11) 0.97 (0.80–1.18) 1.01 (0.84–1.22)
History of heavy drinking 0.94 (0.67–1.29) 1.01 (0.76–1.35) 0.92 (0.70–1.22)
Hypertension 0.90 (0.76–1.06) 0.92 (0.79–1.07) 0.96 (0.83–1.11)
Hyperlipidemia 0.90 (0.66–1.23) 0.83 (0.62–1.10) 0.84 (0.64–1.10)
Diabetes mellitus 1.24 (1.01–1.52) 1.35 (1.12–1.63) 1.36 (1.14–1.62)
Coronary heart disease 1.19 (0.94–1.49) 1.22 (0.99–1.50) 1.29 (1.06–1.57)
Atrial fibrillation 1.40 (1.13–1.74) 1.36 (1.11–1.67) 1.37 (1.12–1.67)
History of TIA 1.55 (0.97–2.48) 1.68 (1.09–2.58) 1.55 (1.10–2.36)
Family history of stroke 1.05 (0.80–1.38) 0.92 (0.71–1.19) 0.87 (0.67–1.11)
Anticoagulant treatment 1.24 (1.04–1.48) 1.25 (1.06–1.48) 1.23 (1.05–1.44)
Thrombolytic treatment 1.67 (1.18–2.35) 1.42 (1.01–1.98) 1.41 (1.02–1.95)
NIHSS 1.03 (1.04–1.05) 1.03 (1.02–1.04) 1.03 (1.02–1.04)
Types of health insurance
Self-payment vs GHI 1.42 (1.15–1.76) 1.40 (1.15–1.71) 1.40 (1.16–1.68)
Commercial vs GHI 1.59 (1.05–2.41) 1.30 (0.86–1.95) 1.25 (0.84–1.86)

CI= confidence interval, GHI=government health insurance, M=months, NIHSS=National Institutes of Health Stroke Scale, OR= odds ratio, TIA= transient ischemic attack.
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1.9-fold greater in participants with complications when
compared with those without complications at 3, 6, and 12
months, respectively.
To evaluate possible explanations for the effect of in-hospital

medical complication on stroke recurrence after acute ischemic
stroke, we compared differences of patients with or without in-
hospital medical complications in the persistence for secondary
prevention associated with stroke recurrence (Table 3). By
medication class, 12-month persistence was highest for antihy-
pertensive agents (72.7%), followed by diabetic (66.2%), and
antiplatelet (54.9%) agents (Table 3). Patients with in-hospital
medical complications were less likely to have persistence of
antihypertensive, diabetic, and antiplatelet agents than patients
without in-hospital medical complications within 12 months
after disease onset.
Figure 3. Unadjusted and adjusted odds ratios of presenting any in-hospital me
confidence interval, M=months, NIHSS=National Institutes of Health Stroke Sc
hypertension, diabetes mellitus, hyperlipidemia, history of coronary heart disease,
smoking status, dysphagia, heavy alcohol intake, anticoagulant treatment, throm

4

4. Discussion

The CNSR was a prospective stroke registry that enrolled
maximal numbers of stroke patients from themost areas in China
so far. In the present study, patients with initial acute ischemic
stroke from the CNSR were selected, and the impact of in-
hospital medical complications on stroke recurrence was
analyzed. In this national prospective cohort, in-hospital medical
complications were associated with a higher risk of stroke
recurrence in participants with initial ischemic stroke within 12
months after the event. This finding confirms that stroke
recurrence in ischemic stroke patients is affected by in-hospital
medical complications.
A substantial body of evidence suggests that stroke patients are

more susceptible to medical complications and their consequen-
dical complications for stroke recurrence following initial ischemic stroke. CI=
ale, TIA= transient ischemic attack.

∗
Adjusted for age, sex, baseline NIHSS,

history of stroke, history of TIA, family history of stroke, atrial fibrillation, current
bolytic treatment, and types of health insurance.
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Table 3

Persistence for secondary prevention medications within 12 months after stroke onset.

Variable Total (N=7593)
Without medical

complications (n=6532)
With medical

complications (n=1061) P

Antiplatelet agents
At discharge, n 5621 5034 587
Persistence at 3M 83.6% 85.0% 71.4% <0.001
Persistence at 6M 79.6% 81.2% 65.4% <0.001
Persistence at 12M 54.9% 56.7% 39.5% <0.001

Antihypertensive agents
At discharge, n 3676 3163 513
Persistence at 3M 76.3% 79.3% 57.9% <0.001
Persistence at 6M 80.8% 84.9% 55.6% <0.001
Persistence at 12M 72.7% 77.1% 44.9% <0.001

Diabetic agents
At discharge, n 1267 1123 144
Persistence at 3M 96.7% 96.6% 97.2% 0.058
Persistence at 6M 96.4% 97.0% 91.7% <0.001
Persistence at 12M 66.2% 67.3% 57.6% <0.001

M=months.
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ces, such as an increased risk of death or disability.
Prior studies on the effect of medical complications on stroke
outcomemainly focused on death and disability.[23–31] In a recent
analysis from the Berlin Stroke Registry study, an effect of acute
complications on mortality in ischemic stroke patients was
observed, such that the risk of death was 2.5-times higher in
participants with in-hospital complications when compared with
those without complications.[27] Similarly, we previously showed
that the risk of death was significantly higher in stroke patients
with in-hospital medical complications than in those without
complications, even after adjusting for traditional cerebrovascu-
lar risk factors, baseline severity of neurological impairment,
anticoagulant treatment, and thrombolytic treatment.[32] More-
over, limited studies aiming at the impact of complications on
stroke outcomes demonstrated that patients with complications
experienced a higher risk of dependency after stroke than those
without complications.[33,38,40] The results of the current study
extend these findings by showing that in-hospital medical
complications confer an approximately 2-times greater risk of
stroke recurrence at 3 months after disease onset, and the risks of
recurrent stroke associated with in-hospital medical complica-
tions have similar tendencies at 6 months and 12 months after
stroke onset. These data suggest that stroke patients with in-
hospital medical complications have greater susceptibility to
stroke recurrence than those without in-hospital medical
complications, which, in turn, may account for much of their
excess risk of stroke recurrent events. The reasons why in-
hospital medical complications are associated with mortality and
disability after stroke onset may be explained by the impact of
hospital stays on worsening brain injury, elevated opportunity
for recurrent complications, and decreased chance of appropriate
post-stroke rehabilitation. The mechanism by which in-hospital
medical complications are associated with recurrent stroke is
unclear.
Previous studies have found that age,[7–12] race,[11]

hypertension,[8,13–17] diabetes mellitus,[7,9,13,17,18] atrial fibrilla-
tion,[8,10,14,16] ethanol abuse,[17,19] smoking,[16] hyperlipid-
emia,[15] elevated homocysteine,[20] patent foramen ovale,[21]

and metabolic syndrome[22] predict stroke recurrence. Acupunc-
ture also might play a role in decreasing recurrent stroke events
even in ischemic stroke.[41] Medical complications may mediate
these predictors of stroke recurrence in patients although the
5

frequency of complications varied widely in the previous studies
for various reasons, such as, having the different definitions and
types of complications, the varied period for evaluating
complications, the different stroke types, and different sample
sizes and demographics between studies.[24–27,32,37,38,40] Fur-
thermore, antithrombotic treatments are recommended for
secondary prevention after stroke caused by presumed arterial
origin, decreasing the risk of recurrent stroke.[42–47] A previous
meta-analysis also showed that the risk of recurrent stroke was
significantly lower in participants with antihypertensive drugs
than those without antihypertensive drugs.[48] Additionally, our
previous study confirmed that the risk of stroke recurrence was
increased by diabetes.[18] Given that secondary prevention is an
important measure to reduce stroke recurrence in stroke patients,
a conceivable explanation for our findings is that in-hospital
complications may confer a decreased compliance with second-
ary prevention in participants. Supporting this possibility is the
finding that differences in the compliance with secondary
prevention were observed between participants with and without
in-hospital medical complications. Following stroke onset,
participants without complications are more likely to persist in
secondary preventive therapies such as aspirin and antihyperten-
sive treatment and antidiabetic treatment, which perhaps partly
aggravate differences in the risk for recurrent stroke events. Thus,
these factors should be weighed for stroke patients with
complications in order to investigate further the mechanisms
of stroke recurrence associated with complications and to give
proper secondary prevention treatment.
The AVAIL study investigated first the potential factors that

were associated with persistence to secondary prevention
following stroke.[49] According to the AVAIL study, having
insurance to cover medication costs increased by 60% the odds of
adherence, which decreased the risk of recurrent stroke. This
study also extended the finding that an increased risk of stroke
recurrence was associated with no health insurance in patients
with initial ischemic stroke before adjusted potential covariates.
However, the interesting point of this prospective study was that
the risk of stroke recurrence was increased by complications even
after adjusted potential covariates, including types of health
insurance. In addition, the ratio of having different types of health
insurance for patients with complications was similar to that for
those without complications in this study. Therefore, this result

http://www.md-journal.com
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emphasizes the necessity and importance of specific programs
aimed at investigating the mechanisms that underlie complica-
tions affecting stroke recurrence in China.
In addition, the different medical complications had different

effects on stroke recurrence (Supplementary Table 2, http://links.
lww.com/MD/B273). In particular, inflammation may play an
important role in stroke recurrence according to our data.
Furthermore, we are limited in our current knowledge as to
whether effective prevention and treatment of such in-hospital
complications can abolish their adverse effects on ischemic stroke
recurrence. Therefore, the mechanisms of stroke recurrence
associated with in-hospital medical complications need to be
further investigated to ascertain these issues.
There are some limitations to this prospective study. This study

only included 6 types of complications, and the definitions of
some complications were relatively simple. However, all
participating hospitals did use the same criteria for diagnosing
in-hospital medical complications, and the reported uncertain
cases with complications were few. We analyzed data based on a
diagnosis of medical complication during hospitalization and did
not include information about treatment for medical complica-
tions that may be associated with stroke recurrence. In addition,
data on newly occurring medical complications were not
included during the follow-up period. Thus, we could not
address the effects of new medical complications during follow-
up on stroke recurrence of patients. This present study did not
include whether adequate target levels for blood pressure and
glucose had been achieved nor did it collect reasons for
medication discontinuation. In addition, information about
psychological and cognitive functions after acute stroke was
not collected in this study, which may affect behaviors of taking
medication(s). Finally, the CNSR study may not represent all
levels of hospital expertise because all participating hospitals
were from urban regions across China, where investigators may
have hadmore expertise in treating stroke and better medical care
resources.
In conclusion, in-hospital medical complications were found to

be significantly associated with stroke recurrence after acute
ischemic stroke. The decreased adherence to stroke secondary
prevention in participants with complications may indirectly
cause the elevated events of stroke recurrence. Therefore, future
studies aimed at decreasing the rates of stroke recurrence should
consider the prevention and treatment of medical complications
after stroke. Programs on stroke recurrence need to investigate
potential variations carefully, including the impact of adherence
to preventive interventions for secondary stroke.
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