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Small artery occlusion (SAO) is the one of the primary subtype of ischemic stroke in China. However,
its outcomes among elderly patients are unclear. Consecutive patients with SAO were recruited at
Jiamusi University First Hospital, China between January 2008 and December 2016. Stroke subtype,
severity, and risk factors were collected; outcomes at 3, 12, and 36 months after stroke onset were
assessed. A total of 1464 SAO patients were included in this study. Participants aged >75 years had
higher dependency rates than Participants aged <75 years with SAO in all three follow-up periods,
in addition to a higher recurrence rate at 12 months and a higher mortality rate 36 months after
stroke. After adjusting for confounders, elevated triglyceride level was found to be a protective factor
against mortality 36 months after stroke. Stroke severity, diabetes mellitus, artery stenosis, gender,
obesity, and high-density lipoprotein cholesterol level were independently associated with the risk
of dependency; elevated triglyceride level was an independent risk factor for recurrence at 3 months
point after stroke onset. These findings suggest that it is vital to manage risk factors that may affect
prognosis of stroke among elderly patients with SAO to improve patient prognosis and reduce the
burden of stroke in China.

Stroke has been the primary cause of death and serious, long-term disability worldwide'. Although there has
shown a decline trend in stroke incidence in developed countries over the last 30 years®?, stroke gradually raised
to the leading cause of death and disability from 1990 to 2017 in China, accounting for almost one-third of the
total number of deaths from stroke worldwide*.

Small artery occlusion (SAO) is one of the ischemic stroke subtypes categorized by the Trial of ORG10172
in Acute Stroke Treatment (TOAST). Previous study reported that in developing countries, SAO accounting
for 16-22% of ischemic stroke cases, the percentage higher 4% than developed countries;® however, the latest
research showed that SAO accounts for 27.3% of ischemic stroke cases in China, higher than the world level®. It is
crucial to identify the different potential underlying causes of stroke subtype to targeted treatment and decrease
the burden of stroke in China.

However, little is known about outcomes and risk factors associated with outcomes among elderly patients
with SAO among Chinese elderly patients. Thus, in this study, we aimed to assess the clinical features, outcomes,
and relevant risk factors 3, 12, and 36 months after stroke onset among elderly patients with SAO in China.

Results

Patient selection. A total of 1464 patients with SAO (mean age, 63.60 = 11.43 years) were available for 3
months after stroke onset and were recruited in this study. Of them, 1458 patients were available for follow up 3
months after stroke onset, resulting in a response rate of 99.6%. Among the 1402 patients who were available >12
months after stroke onset, 1377 patients (98.2%) were followed up at 12 months. Similarly, there were 725 patients
(94.0%) available 36 months after stroke onset, after excluding 46 patients who were lost to follow-up during this
period (Fig. 1).

!Department of Cell Biology, Harbin Medical University, Harbin, 150081, China. 2Department of Neurology, The
Second Affiliated Hospital of Harbin Medical University, Harbin, 150001, China. *Department of Neurology, The First
Affliated Hospital of Jiamusi University, Jiamusi, 154000, China. “These authors contributed equally: Yuguang Zhao
and ChunxiaoYang. *email: wang2017shuang@126.com

SCIENTIFIC REPORTS |

(2019) 9:15380 | https://doi.org/10.1038/s41598-019-51671-2


https://doi.org/10.1038/s41598-019-51671-2
mailto:wang2017shuang@126.com

www.nature.com/scientificreports/

1464 small artery occlusion patients were available for 3
months after stroke onset and were recruited in this study.

6 (2.8%) patients were excluded
> due to lost follow-up at 3
months after stroke onset.

A
1458 patients (99.6%) were
analysis the outcomes at 3
months after stroke.

62 patients with <12 months follow-
up periods and 25 patients lost

follow-up at 12 months were
y excluded.

1377 patients (98.2%) were
analysis the outcomes at 12
months after stroke.

693 patients with <36 months follow-
up periods and 26 patients lost
follow-up at 12 months were

y excluded.
725 patients (94.0) were
analysis the outcomes at 36
months after stroke.

Figure 1. Flow diagram of participants. A total of 1464 patients with SAO were recruited in this study during
the study period. Of them, 1458 patients were available for follow up 3 months after stroke onset, resulting in
aresponse rate of 99.6%. Among the 1402 patients who were available >12 months after stroke onset, 1377
patients (98.2%) were followed up at 12 months. Similarly, there were 725 patients (94.0%) available 36 months
after stroke onset, after excluding 46 patients who were lost to follow-up during this period.

Clinical features among SAO patients by age. Of the 1464 SAO patients included in this study at
baseline, 1174 (80.2%) patients were aged <75 years and 290 (19.8%) were aged >75 years. Compared to aged
<75 years group, elderly patients (aged >75 years) with SAO were more likely to be female (26.1% vs. 17.1%;
P <0.001), have severe stroke (4.8% vs. 1.4%; P=0.00019), and have artery stenosis (13.8% vs. 9.5%; P < 0.001)
compared to young patients. The prevalence rates of hypertension, atrial fibrillation, obesity, current smoking,
and alcohol consumption were significantly higher in the elderly group than in the young group; similar trends
were observed with levels of FPG, TG, and LDL-C (Table 1).

Differences in outcomes at 3, 12, and 36 months after stroke onset between elderly patients
and young patients. Table 2 shows that compared to the young group, there were significantly higher
dependency rates at all 3 follow-up periods in the elderly group, with dependency rates of 30.3%, 25.6%, and
46.0% in the elderly group, and 14.9%, 16.9%, and 34.3% in the young group at 3, 12, and 36 months, respectively.
Moreover, the recurrence rate was significantly higher in the elderly group than in the young group 12 months
after stroke onset (18.3% vs. 13.5%; P =0.049). Compared to the young group, the elderly group had a worse
mortality rates 36 months after stroke, with corresponding rates of 12.6% in the elderly group and 5.4% in the

young group.

Univariate analysis of the association of outcomes with risk factors among elderly patients
with SAO. The univariate analysis showed that DM and levels of FPG, TG, HCY, and CRP were associated
with mortality at 3, 12, and 36 months. Stroke severity, DM, artery stenosis, obesity, and gender were significantly
associated with dependency among elderly SAO patients. Moreover, artery stenosis, HCY level, and gender were
associated with recurrence among elderly patients with SAO (Table 3).

Multivariate analysis of the association of outcomes with risk factors among elderly patients
with SAO. After adjusting for confounders, including gender, stroke severity, risk factors, and laboratory
measurements, the relationship between risk factors and mortality at 3 and 12 months leveled out, but TG level
was a protective factor against mortality 36 months after stroke. The risk of long-term mortality among elderly
patients with SAO decreased by 95% for every 1 mmol/L increase in TG levels (P =0.023). Stroke severity, DM,
artery stenosis, gender, obesity, and HDL-C level were independently associated with the risk of dependency.
Of these factors, stroke severity, DM, and artery stenosis were determinants of dependency at 3 months; stroke
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Characteristics <75 Years >75 Years P
Participants, n (%) 1174 (80.2) 290 (19.8)
Men 846 (82.9) 174 (17.1) <0.001
Women 328(73.9) 116 (26.1)
Stroke severity:
Mild 993 (84.6) 219 (75.5) 0.00025
Moderate 165 (14.1) 57 (19.7) 0.017
Severe 16 (1.4) 14 (4.8) 0.00019
Risk factors, n (%):
Hypertension 910 (77.5) 206 (71.0) 0.020
Diabetes 329 (28.9) 81 (27.9) 0.750
Atrial fibrillation 22(1.9) 19 (6.6) <0.001
Artery stenosis 112 (9.5) 40 (13.8) 0.033
Obesity 122 (10.4) 36 (12.4) 0.320
Current smoking 509 (43.4) 54 (18.6) <0.001
Alcohol drinking 271 (23.1) 16 (5.5) <0.001
mRS 2.47(0.11) 2.84(0.21) 0.099
Laboratory testing:
FPG, mmol/L, means (SE) 6.14 (0.08) 5.80 (0.12) 0.020
TC, mmol/L, means (SE) 4.57 (0.02) 4.48 (0.04 0.052

)
TG, mmol/L, means (SE) 1.45 (0.02) 1.15 (0.03) <0.001
HDL-C, mmol/L, means (SE) | 1.04 (0.01) 1.18 (0.08) 0.076
LDL-C, mmol/L, means (SE) | 2.82 (0.02) 2.71(0.04) 0.007
HCY, mmol/L, means (SE) 15.55 (0.34) 15.13 (0.54) 0.517
CRP, mmol/L, means (SE) 6.52 (0.74) 7.89 (1.00) 0.386

(
(
(
(

Table 1. Descriptive characteristics in clinical features and risk factors among patients with SAO by gender
groups.

Outcomes <75 Years >75 Years P
3 months after stroke:
Mortality 13(1.1) 4(1.4) 0.758
Recurrence 51(4.4) 20 (6.9) 0.074
Dependency 172 (14.9) 86 (30.3) <0.001
12 months after stroke:
Mortality 32(2.9) 13 (4.9) 0.089
Recurrence 149 (13.5) 48(18.3) 0.049
Dependency 182 (16.9) 64 (25.6) 0.001
36 months after stroke:
Mortality 32(5.4) 16 (12.6) 0.003
Recurrence 200 (33.5) 50 (39.4) 0.207
Dependency 194 (34.3) 52 (46.0) 0.018

Table 2. Differences in outcomes among patients with SAO during follow-up periods between elderly and
young group.

severity and artery stenosis at 12 months; and gender, obesity, and level of HDL-C at 36 months. Only high TG
level was an independent risk factor for recurrence 3 months after stroke onset, with an RR (95% CI) of 2.32 (1.10,
4.89; P=0.027; Table 4).

Discussion

To our knowledge, this is the first study to assess the clinical characteristics, outcomes, and risk factors associated
with outcomes among elderly patients with SAO 3, 12, and 36 months after stroke onset in China. Compared to
young patients, elderly patients with SAO were more likely to be female, have severe stroke, and have artery ste-
nosis. The elderly group was found to have a poor prognosis; the long-term mortality and dependency rates at all
3 follow-up periods, and the recurrence rate at 12 months were significantly higher in the elderly group compared
to the young group. Moreover, TG level was a protective factor against long-term mortality; stroke severity, DM,
artery stenosis, gender, obesity, and HDL-C level were independently associated with the risk of dependency. In
addition, TG level was an independent risk factor for recurrence 3 months after stroke onset.
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3 Months 12 Months 36 months

Characteristics Mortality ‘ Dependency ‘ Recurrence | Mortality Dependency | Recurrence | Mortality Dependency | Recurrence
Gender:

Men 4(2.3) 55(32.4) 12 (6.9) 11(6.9) 39 (26.2) 27 (16.9) 10 (12.0) 40 (54.8)" 38 (45.8)"

Women 0 31(27.2) 8(7.0) 2(1.9) 25 (24.8) 21(20.4) 6 (13.6) 12 (30.0) 12 (27.3)
Stroke severity:

Mild 4(1.8) 36 (16.9)" 12 (5.5) 8(4.0) 34(17.8)" 32(16.1) 14 (14.9) 36 (43.9) 38(40.4)

Moderate 0 36 (63.2) 6 (10.5) 3(6.0) 20 (42.6) 12 (24.0) 0 14 (48.3) 12 (41.4)

Severe 0 14 (100) 2(14.3) 2(14.3) 10 (83.3) 4(28.6) 2 (50.0) 2 (100) 0
Risk factors:

Hypertension 2(1.0) 60 (29.7) 14 (6.9) 11(5.8) 51(28.7) 40 (21.2)" 12 (12.6) 40 (47.1) 38 (40.0)

No- Hypertension 2(2.4) 26 (31.7) 6(7.1) 2(2.7) 13 (18.1) 8 (10.8) 4(12.5) 12 (42.9) 12 (37.5)

Diabetes 0 33 (40.7)" 8(9.9) 0 20(26.7) 13(17.3) 4(10.3) 16 (43.2) 16 (41.0)

No-Diabetes 4(1.9) 53(26.1) 12 (5.8) 13 (6.9) 44 (25.1) 35(18.6) 12 (13.6) 36 (47.4) 34 (38.6)

Atrial fibrillation 0 7 (36.8) 0 0 3(17.6) 3(17.6) 0 0 0

No-Atrial fibrillation 4(1.5) 79 (29.8) 20(7.4) 13 (5.3) 61(26.2) 45(18.3) 16 (12.8) 52 (46.8) 50 (40.0)

Artery stenosis 0 24 (60.0)" 6 (15.0)" 0 15 (42.9)" 8(22.9) 2(10.5) 8 (47.1) 8 (42.1)

No-Artery stenosis 4(1.6) 62(25.4) 14 (5.6) 13 (5.7) 49 (22.8) 40 (17.5) 14 (13.0) 194 (34.3) 42 (38.9)

Obesity 0 21(58.3)" 4(11.1) 2 (5.6) 8(23.5) 6(16.7) 2(11.1) 12 (75.0)" 10 (55.6)

No-Obesity 4(1.6) 65 (26.2) 16 (6.3) 11 (4.8) 56 (25.9) 42 (18.5) 14 (12.8) 40 (41.2) 40 (36.7)

Current smoking 0 19(35.2) 6(11.1) 4(7.4) 13 (26.0) 12 (22.2) 4(14.3) 14 (58.3) 16 (57.1)°

No-Current smoking 4(1.7) 67 (29.1) 14 (6.0) 9(4.3) 51(25.5) 36 (17.2) 12 (12.1) 38 (42.7) 34 (34.3)

Alcohol drinking 0 6(37.5) 2(12.5) 2(12.5) 0" 4(25.0) 2(20.0) 4 (50.0) 6(60.0)

No-Alcohol drinking 4(1.5) 80 (29.9) 18 (6.6) 11 (4.5) 64 (27.1) 44 (17.8) 14 (12.0) 48 (45.7) 44 (37.6)
FPG, mmol/L

Yes 13.53 (0)° 5.98 (0.24) 6.16 (0.59) | 7.86 (1.34) 5.95(0.32) 6.21(0.37) | 6.65(1.15) 5.96 (0.32) 5.74 (0.30)

No 5.73 (0.11) 5.63 (0.13) 5.78 (0.13) 5.71(0.12) 5.63 (0.12) 5.70(0.14) 5.89 (0.21) 5.84(0.27) 6.12 (0.31)
TC, mmol/L

Yes 3.82(0.27) 4.58 (0.09) 4.65(0.21) 4.18 (0.20) 4.48 (0.11) 4.54(0.14) 4.22(0.20) 4.33(0.12) 4.33(0.12)

No 4.49 (0.04) 4.45 (0.05) 4.46 (0.04) 4.49 (0.05) 4.49 (0.05) 4.46 (0.05) 4.41 (0.07) 4.48 (0.09) 4.42 (0.08)
TG, mmol/L

Yes 0.82(0.13) 1.17 (0.06) 1.43 (0.15) 0.80 (0.08)" 1.22 (0.08) 1.25 (0.09) 0.88 (0.50)" 1.16 (0.08) 1.22(0.07)

No 1.16 (0.03) 1.15 (0.04) 1.13(0.03) 1.15 (0.08) 1.13 (0.03) 1.11 (0.03) 1.19 (0.05) 1.22 (0.06) 1.11 (0.06)
HDL-C, mmol/L

Yes 1.04 (0.04) 1.40 (0.25) 1.03(0.10) | 1.09 (0.06) 1.01 (0.04) 1.03(0.05) | 2.96(1.28) 1.04 (0.03) 1.02 (0.03)

No 1.18 (0.08) 1.08 (0.02) 1.19 (0.08) 1.19 (0.09) 1.26 (0.12) 1.22(0.10) 1.10 (0.02) 1.15(0.03) 1.53(0.27)
LDL-C, mmol/L

Yes 2.31(0.20) 2.80(0.07) 2.82(0.12) 2.56 (0.19) 2.79 (0.09) 2.79 (0.10) 2.40 (0.14) 2.63 (0.09) 2.63 (0.09)

No 2.72(0.04) 2.69 (0.04) 2.71(0.04) 2.73(0.04) 2.71(0.04) 2.70 (0.04) 2.64 (0.06) 2.65 (0.08) 2.59(0.07)
HCY, mmol/L

Yes 12.25(0.66) 16.38 (1.23) 22.98 (4.32) 12.01 (0.62)" 15.23 (1.54) 16.24 (1.99) 13.37 (0.84)" 16.96 (1.30) 15.82 (1.59)

No 15.16 (0.55) 14.63 (0.58) 14.53 (0.48) | 15.49 (0.62) 15.58 (0.65) 15.11(0.57) | 16.18 (1.05) 15.29 (1.34) 15.83 (1.13)
CRP, mmol/L

Yes 37.63(20.71) | 8.40 (1.21) 7.71(1.56) | 18.35 (7.00) 5.92 (0.78) 7.74(0.98) | 30.19(8.77) 8.45 (1.68) 11.66 (2.81)

No 7.47 (0.96) 7.07 (1.27) 7.94 (1.07) 7.66 (1.05) 8.22(1.37) 8.31(1.28) 6.56 (0.89) 7.75(2.12) 8.16 (1.67)

Table 3. Association of outcomes with risk factors among elderly patients with SAO. Data were presented by
n (%) for categorized variates, by means (standard error) for continued variates. *indicated P < 0.05 compared
between two groups.

Previous studies have demonstrated that elderly people have a worse prognosis after stroke!®!!. In this study,

we also observed that elderly group more prone to poor prognosis; the long-term dependency rates in the aged
>75 years group at all 3 follow-up periods were significantly higher than aged <75 years group (30.3% vs 14.9%;
25.6% vs 16.9%; 46.0% vs 34.3%, respectively).

Several studies showed that low-level of cholesterol was significantly associated to the poor outcome after

acute ischemic stroke!'?~!%. Similarly, a previous study showed that a lower cholesterol level was associated with
an increased risk of death among elderly patients with ischemic stroke'®. Patients with hyper-cholesterolemia,
especially older patients, had poor recovery whether in short-term or in long-term after stroke'.
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3 Months 12 Months 36 months
Characteristics | Reference | Mortality Dependency | Recurrence Mortality Dependency | Recurrence Mortality Dependency | Recurrence
423 1.94
Women Men - - - - - - - (1.63,10.98)* | (0.86,4.39)
Stroke severity: | Mild — — — — — —
11.74 4.14
Moderate - (5.67,2430)% |~ - (2.01,853)% | T 0 - -
P _ 0 _ _ 18.77 _ 0.99 _ _
(3.86,91.19)* (0.10,9.36)
Hypertension No — — — — — 2.22(0.98,4.99) | — — —
. 2.20
Diabetes No — (1.07,4.50)* — 0 — — — — —
. 5.64 2.65 2.34
Arterystenosis | No - (242,13.14)% | (0.94749) | (1.025.37)% |~ - - -
. 2.32 8.63
Obesity No — (0.96,5.61) - - - - - (219,34.01)* |
. 2.18

Smoking No — — — - - - - - (0.91,5.26)
Drinking No — — — — 0 — — — —

G _ _ _ 232 0.12 _ _ 0.05 - B

(1.10,4.89)* | (0.01,0.95) (0.00,0.57)*
0.07
HDL-C - - - - - - - - 0.01,043)* |
0.90 0.92
HEY - N - - (079,1.03) | - (0.82,1.04) o -
1.05
CRP - - - - - - - (1.02,1.09)* |~ -

Table 4. Determinants of outcomes among elderly patient s with SAO. (* indicated P < 0.05).

The relationship between TG level and outcomes after stroke is unclear. In this study, high TG level was a pro-
tective factor against long-term mortality, but was an independent risk factor for recurrence 3 months after stroke
onset. Stroke severity, DM, artery stenosis, gender, obesity, and HDL-C level were independently associated with
the risk of dependency. The opposing relationships between TG level and long-term mortality and between TG
level and short-term recurrence among elderly patients with SAO may be explained by medication use. Statin use
may improve mortality rates 36 months after stroke, but not recurrence rates 3 months after stroke.

The inflammatory response plays an important role in the occurrence and development of cerebral ischemia'”.
CRP is a marker of inflammation associated with plaque instability, stenosis, or occlusion of the small vessels'®'°.
The association of CRP level with stroke outcome is currently unclear. One study found that a high level of CRP
was a significant predictor of prognosis after lacunar stroke?. Furthermore, elevated CRP may increase the risk of
poor prognosis in patients with SAO aged <75 years. In line with these findings, we found that an elevated level
of hs-CRP was associated with increased long-term mortality among elderly patients with SAO.

Previous study has demonstrated that age and stroke severity were associated with prognoses (mortality and
recurrence) after stroke?”. DM was also associated with higher mortality, dependency, and recurrence rates after
stroke?>?*, Consistent with these studies, stroke severity, DM, artery stenosis, gender, obesity, and HDL-C level
were independently associated with the risk of dependency in the present study.

There were several limitations to this study. First, this study was conducted in a single hospital, and thus may
not represent the general patient population. Second, data regarding the control of risk factors following stroke
were lacking from this study, and this may have affected the evaluation of predictors of outcomes. Third, those
patients followed-up by telephone did not reported separately. This may impact the results. Finally, patients with
mild stroke may have been excluded from this study if they did not present at the hospital, and this may have
affected the analysis.

In conclusion, this is the first study to assess the clinical characteristics, outcomes, and relevant factors asso-
ciated with outcomes among elderly patients with SAO at 3, 12, and 36 months after stroke onset. The long-term
mortality and dependency rates in all 3 follow-up periods, and the recurrence rate at 12 months were significantly
higher in the elderly group compared to the young group. Stroke severity, DM, artery stenosis, gender, obesity,
and HDL-C level were independently associated with the risk of dependency. Moreover, Elevated TG level was
a protective factor against long-term mortality and an independent risk factor for recurrence 3 months after
stroke onset. These findings suggest that it is crucial to manage risk factors associated with stroke outcome among
elderly patients with SAO to improve patient prognosis and reduce the burden of stroke in China.

Methods

Patient selection. All patients in this study were identified from the stroke registry of the Department of
Neurology, Jiamusi University First Hospital, China between January 2008 and December 2016. The inclusion
criteria of participants and study design have been described previously!?. In brief, all consecutive patients with
first-ever acute ischemic stroke who were admitted to the Department of Neurology, Jiamusi University First
Hospital within 72 hours of stroke onset were recruited for this study. Detailed information, including clinical
features and stroke risk factors, were collected.
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All investigative protocols were approved by the ethics committee of Jiamusi University First Hospital; the
methods were carried out in accordance with the approved guidelines, and informed consent was obtained from
each participant or their next-of-kin.

Data collection. Data collection and outcome evaluation were performed by senior neurologists who used
standardized variable definitions and scores. According to TOAST classification, cases were categorized into large
artery atherothrombotic, cardioembolic, SAO, other causes, and undetermined on admission’. Stroke severity
was grouped into three groups according to National Institutes of Health Stroke Scale (NIHSS) scores: mild
(NIHSS score: <7), moderate (NIHSS score: 8-16), and severe (NIHSS score:>17)%.

Conventional risk factors, including hypertension, diabetes mellitus (DM), atrial fibrillation, intracranial
artery stenosis, smoking, and alcohol consumption, were defined according to self-reported previous medical
history or examination on admission; obesity was defined as a body mass index >28kg/m??. The NIHSS score
was evaluated on admission and at discharge; the modified Rankin Scale (mRS) score was assessed on admission,
at discharge, and at 3, 12, and 36 months after stroke.

SAO definition and outcomes assessment.  Stroke events were defined according to the World Health
Organization’s criteria, and all cases of stroke were confirmed using neuroimaging®. All acute ischemic stroke
patients diagnosed with SAO according to TOAST classification were included in this study.

Outcomes included mortality, dependency, and recurrence rates at 3, 12, and 36 months after stroke. Mortality
was defined as all-cause cumulative death at the corresponding follow-up time point. Recurrence was defined as
all new-onset vascular events, including stroke, myocardial infarction, and venous thrombosis. Dependency was
defined as an mRS score >2%,

Follow-up. Follow-up was conducted by the same senior neurologist at 3, 12, and 36 months after stroke
onset. All patients were followed up as outpatients through face-to-face interviews, except for patients followed
up by telephone. The mRS score was assessed for each patient during the follow-up period.

Statistical analysis. All SAO patients were divided into two groups: age <75 years and >75 years.
Continuous variables, including age, NTHSS score, Barthel Index, mRS score, and laboratory measurements of
fasting plasma glucose (FPG), total cholesterol, triglycerides (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), HCY, and CRP levels, are presented as means with standard devi-
ations (or as medians with ranges where appropriate), and were compared between groups using the Student’s
t-test or the Mann-Whitney U test. Categorized variables, including stroke severity, previous medical history,
risk factors, and outcomes, are presented as rates or frequencies, and were compared between groups using the
chi-squared test. The determinants of outcomes were analyzed using logistic regression after adjusting for the
confounders of stroke severity, previous medical history, and risk factors; results are presented using adjusted
relative risk (RR) with 95% confidence intervals (CIs). All statistical analyses were performed using SPSS version
19.0 (SPSS Inc., Chicago, IL), and a two-tailed P value < 0.05 indicated statistical significance.

Received: 12 February 2019; Accepted: 30 September 2019;
Published online: 25 October 2019

References
1. Caprio, E. Z. & Sorond, F. A. Cerebrovascular Disease: Primary and Secondary Stroke Prevention. Med Clin North Am. 103, 295-308
(2019).
2. Redon, J. et al. Stroke mortality and trends from 1990 to 2006 in 39 countries from Europe and Central Asia: implications for control
of high blood pressure. Eur Heart J. 32, 1424-1431 (2011).
3. Lloyd-Jones, D. M. et al. Defining and setting national goals for cardiovascular health promotion and disease reduction: the
American Heart Association’s strategic Impact Goal through 2020 and beyond. Circulation. 121, 586-613 (2010).
4. Wang, J. et al. Increasing stroke incidence and prevalence of risk factors in a low-income Chinese population. Neurology. 84, 374-381
(2015).
5. Zhou, M. et al. Mortality, morbidity, and risk factors in China and its provinces, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet. $0140-6736, 30427-1 (2019).
6. Feigin, V. L. et al. Update on the Global Burden of Ischemic and Hemorrhagic Stroke in 1990-2013: The GBD 2013 Study.
Neuroepidemiology. 45, 161-176 (2015).
7. Adams, H. P. Jr. et al. Classification of subtype of acute ischemic stroke: definitions for use in a multicenter clinical trial: TOAST:
Trial of Org 10172 in Acute Stroke Treatment. Stroke. 24, 35-41 (1993).
8. Ornello, R. et al. Distribution and Temporal Trends From 1993 to 2015 of Ischemic Stroke Subtypes: A Systematic Review and Meta-
Analysis. Stroke. 49, 814-819 (2018).
9. Xin, X. Y. et al. Comparison Study of ASCO and TOAST Classification System in Chinese Minor Stroke Patients. Cerebrovasc Dis.
47,95-100 (2019).
10. Fonarow Gregg, C. et al. Age-related differences in characteristics, performance measures, treatment trends, and outcomes in
patients with ischemic stroke. Circulation. 121, 879-891 (2010).
11. Palnum, K. D. et al. Older patients with acute stroke in Denmark: quality of care and short term mortality. A nationwide follow-up
study. Age Ageing. 37, 90-95 (2008).
12. Wu, Q,, Zou, C., Wu, C,, Zhang, S. & Huang, Z. Risk factors of outcomes in elderly patients with acute ischemic stroke in China.
Aging Clin Exp Res. 28,705-711 (2016).
13. Roquer, J. et al. Clustering of vascular risk factors and in-hospital death after acute ischemic stroke. ] Neurol. 254, 1636-1641 (2007).
14. Suzuki, K., Izumi, M., Sakamoto, T. & Hayashi, M. Blood pressure and total cholesterol level are critical risks especially for
hemorrhagic stroke in AKkita, Japan. Cerebrovasc Dis. 31, 100-106 (2011).
15. Koton, S., Molshatzki, N., Bornstein, N. M. & Tanne, D. Low cholesterol, statins and outcomes in Patients with first-ever acute
ischemic stroke. Cerebrovasc Dis. 34,213-220 (2012).

SCIENTIFIC REPORTS |

(2019) 9:15380 | https://doi.org/10.1038/s41598-019-51671-2


https://doi.org/10.1038/s41598-019-51671-2

www.nature.com/scientificreports/

16. Cha, J. K. et al. Prognostic factors for long-term poor outcomes after acute ischemic stroke in very old age(>80 years) patients: Total
cholesterol level might differently influence long-term outcomes afteracute ischemic stroke at ages above 80 years. Geriatr Gerontol
Int. 15,1227-1233 (2015).

17. Shi, K. et al. Global braininflammation in stroke. Lancet Neurol. $1474-4422, 30078-X (2019).

18. Weng, W.-C. et al. Less favorable neurological recovery after acute stroke in patients with hypercholesterolemia. Clin Neurol
Neurosurg. 115, 1446-1450 (2013).

19. Elkind, M. S. et al. C-reactive protein as a prognostic marker after lacunar stroke: levels of inflammatory markers in the treatment of
stroke study. Stroke. 45, 707-716 (2014).

20. Qiu, R. et al. Association between hs-CRP Levels and the Outcomes of Patients with Small-Artery Occlusion. Front Aging Neurosci.
8,191 (2016).

21. Gur, A. Y. et al. Stroke in the Very Elderly: Characteristics and Outcome in Patients Aged 6 85 Years with a First-Ever Ischemic
Stroke. Neuroepidemiology. 39, 57-62 (2012).

22. Eriksson, M., Carlberg, B. & Eliasson, M. The disparity in long-term survival after a first stroke in patients with and without diabetes
persists: the Northern Sweden MONICA study. Cerebrovasc Dis. 34, 153-160 (2012).

23. Tanaka, R. et al. Impact of diabetes and prediabetes on the short-term prognosis in patients with acute ischemic stroke. ] Neurol Sci.
332,45-50 (2013).

24. Zhao, Y., Zou, C., Wang, C., Zhang, Y. & Wang, S. Long-Term Outcomes after Stroke in Elderly Patients with Atrial Fibrillation: A
Hospital-Based Follow-Up Study in China. Front Aging Neurosci. 8, 56 (2016).

25. Kim, J.-S., Lee, K.-B., Roh, H., Ahn, M.-Y. & Hwang, H.-W. Gender Differences in the Functional Recovery after Acute Stroke. J Clin
Neurol. 6, 183-188 (2010).

26. Disease control, Ministry of Health of the People’s Republic of China. The guidelines of Chinese adult overweight and obesity
prevention and control. (Beijing: People’s Medical Publishing House; 2006).

27. World Health Organization Task Force on Stroke and Other Cerebrovascular Disorders: Stroke-1989. Recommendations on stroke
prevention, diagnosis, and therapy. Report of the WHO task force on stroke and other cerebrovascular disorders. Stroke. 20,
1407-1431 (1989).

28. Banks, J. L. & Marotta, C. A. Outcomes validity and reliability of the modified Rankin scale: implications for stroke clinical trials: a
literature review and synthesis. Stroke. 38, 1091-1096 (2007).

Acknowledgements
This study was funded by Scientific Research Item of Health Department in Heilongjiang Province (No. 2011-
076) and Youth Science Funds of Heilongjiang Province (No. QC2011C130).

Author contributions

S.W,, Y.Z. and C.Y. contributed to the study design. S.W., Y.Z. and C.Y. performed data collection, data
interpretation, and critical review. S.W. and C.Y. performed data analysis. Y.Z. and C.Y. contributed to drafting of
the article. Y.Z., C.Y,, X.Y,, X M., X.W,, C.Z. and S.W. performed data collection, case diagnoses, and confirmation
of case diagnoses.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2019) 9:15380 | https://doi.org/10.1038/s41598-019-51671-2


https://doi.org/10.1038/s41598-019-51671-2
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prognosis and Associated Factors among Elderly Patients with Small Artery Occlusion

	Results

	Patient selection. 
	Clinical features among SAO patients by age. 
	Differences in outcomes at 3, 12, and 36 months after stroke onset between elderly patients and young patients. 
	Univariate analysis of the association of outcomes with risk factors among elderly patients with SAO. 
	Multivariate analysis of the association of outcomes with risk factors among elderly patients with SAO. 

	Discussion

	Methods

	Patient selection. 
	Data collection. 
	SAO definition and outcomes assessment. 
	Follow-up. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Flow diagram of participants.
	Table 1 Descriptive characteristics in clinical features and risk factors among patients with SAO by gender groups.
	Table 2 Differences in outcomes among patients with SAO during follow-up periods between elderly and young group.
	Table 3 Association of outcomes with risk factors among elderly patients with SAO.
	Table 4 Determinants of outcomes among elderly patient s with SAO.




