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Abstract
Background
The impact of elevated total homocysteine (tHcy) on functional outcomes and pneumonia after acute
ischemic stroke (AIS) is still not well understood.
We investigated the association between tHcy levels upon hospital admission and in-hospital shortterm outcomes in AIS patients.
Methods
A total of 2,084 AIS patients enrolled from December 2013 to May 2014 across 22 hospitals in Suzhou
city were included in the present study. We divided patients into 4 groups according to their level of
admission tHcy: Q1 (<9.70 umol/L), Q2 (9.70-12.3 umol/L), Q3 (12.3-16.9 umol/L), and Q4 (≥16.9
umol/L). Logistic regression models were used to estimate the effect of tHcy on the short-term
outcomes, including in-hospital pneumonia, all cause in-hospital mortality and poor outcome upon
discharge (modified Rankin Scale score ≥3) in AIS patients.
Results
During hospitalization, 332 patients (15.9%) had pneumonia, 57 patients (2.7%) died from all causes
and 784 (37.6%) patients experienced poor outcome at discharge. The risk of in-hospital pneumonia
was significantly higher in patients with highest tHcy level (Q4) compared to those with lowest (Q1)
(adjusted odds ratio OR 1.55; 95% confidence interval CI, 1.03-2.33; P -trend =0.019). The highest
tHcy level (Q4) was associated with a 3.35-fold and 1.50-fold increase in the risk of in-hospital
mortality(adjusted OR 3.35; 95% CI, 1.11–10.13; P -trend =0.015) and poor outcome upon
discharge(adjusted OR 1.50; 95% CI, 1.06–2.12; P -trend =0.044) in comparison to Q1 after
adjustment for potential covariates including pneumonia. Subgroup analyses further confirmed a
significant association between higher tHcy levels and a high risk of short-term outcomes.
Conclusions
Having a high admission tHcy level was independently associated with in-hospital pneumonia, all
cause in-hospital mortality and poor outcome upon discharge in AIS patients. Moreover, the
association between higher tHcy and poor functional outcome was not modified by pneumonia.
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Introduction
Stroke has been the leading cause of death and disability in China according to recent studies [1, 2].
Pneumonia is the most common infection after stroke and increases the risk of poor functional
outcome among patients [3, 4]. The identification of factors associated with in-hospital outcome,
including pneumonia among stroke patients remains important [4], although the in-hospital mortality
rate has not increased in the past decade in China [2].
Early epidemiologic studies had indicated that elevated serum total homocysteine (tHcy) is an
important and independent risk factor for stroke [5, 6]. Other studies had also investigated the
prognostic effect of baseline elevated serum tHcy level on the clinical outcome in patients with acute
ischemic stroke (AIS) [7–13]. However, the findings from those studies were inconsistent. The
association between elevated serum tHcy and risk of poor functional outcome was noted in most
[7–10], but not all studies [11–13] possibly due to differences in population sample size, sex and race.
Recent studies had shown a combined effect of serum tHcy and high sensitivity C-reactive protein
(hs-CRP) on clinical outcome among AIS patients suggesting tHcy may reflect underlying inflammation
[14, 15]. Additionally, some studies found serum tHcy was an inflammation marker in spontaneous
bacterial peritonitis and sepsis patients [16, 17]. Therefore, we hypothesize that elevated serum tHcy
at admission may be associated with pneumonia during hospital stay after AIS, which could contribute
to poor functional outcome in patients.
Herein, in present study, we aimed to evaluate the association between elevated serum tHcy and inhospital pneumonia as well as in-hospital functional outcome in a large multicenter study of AIS
patients from Suzhou, China.

Methods
Study participants
From December 2013 to May 2014, we recruited patients with AIS or transient ischemic attack (TIA)
from 22 hospitals in Suzhou, China. Patients aged ≥18 years with a clinical diagnosis of AIS or TIA
were considered eligible. The methods for recruiting study participants have been detailed elsewhere
[18, 19]. Briefly, diagnosis of ischemic stroke was made according to World Health Organizationdefined criteria based on patient history, clinical data, and neuroimaging results (computed
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tomography or magnetic resonance imaging). A team of investigators, including neurologists,
reviewed the eligibility of study participants. Additional exclusion criteria were as follows: (1)
diagnosis of TIA; and (2) time from onset to admission over 7 days. 3450 patients were potentially
eligible for this analysis. Of these patients, 1366 were further excluded because of lack of serum tHcy
concentration on admission (flowchart of participants selection; Fig. 1).

Data Collection
We collected baseline information, including patient demographics, vascular risk factors, stroke
severity (National Institutes of Health Stroke Scale, NIHSS; Modified Rankin Scale score, mRS),
medication use, imaging data and diagnosis-related information. Vascular risk factors included history
of stroke, history of hypertension, history of diabetes mellitus, history of atrial fibrillation, history of
coronary heart disease, current or previous smoking status, and alcohol consumption. Information on
these factors were obtained by interviews with patients or their family members (if patients were not
able to communicate). Current smoking status was defined as having smoked at least one cigarette
per day for the previous year or more. Data on the amount and type of alcohol consumed during the
past year was collected. Alcohol consumption was defined as having consumed at least one alcoholic
drink per day during the past year. Hypertension was defined as having a systolic blood pressure (BP)
≥140 mmHg and/or diastolic BP ≥90 mmHg or use of antihypertensive medications. Diabetes mellitus
was defined as having fasting glucose ≥7.0 mmol/L (126 mg/dL), non-fasting glucose ≥11.1 mmol/L
(200 mg/dL) with classic symptoms of hyperglycemia or hyperglycemic crisis, use of glucose-lowering
drugs. Atrial fibrillation was defined as having a history of atrial fibrillation, confirmed by ≥1
electrocardiograms or the presence of arrhythmia during hospitalization. Pneumonia after AIS was
diagnosed by treating physicians according to the criteria of US Center for Disease Control and
Prevention for hospital-acquired pneumonia, based on clinical and laboratory test [20]. Blood samples
were collected within 24 hours of hospital admission. Laboratory variables, including serum tHcy were
assayed at local laboratories.

Outcome Assessment
The primary endpoint was in-hospital pneumonia and secondary outcomes were all-cause in-hospital
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mortality and poor functional outcome (defined as having a mRS ≥ 3) at discharge.

Statistical analysis
Study participants were divided into four groups, based on quartiles of tHcy levels at admission: Q1
(< 9.70 umol/L), Q2 (9.70–12.3 umol/L), Q3 (12.3–16.9 umol/L), and Q4 (≥ 16.9 umol/L). Continuous
variables were expressed as mean ± standard deviation (SD) or median (interquartile range [IQR])
and were compared using the analysis of variance or Wilcoxon rank-sum test. Categorical variables
were expressed as frequency (%) and were compared using the Chi-squared test.
The crude cumulative risks of in-hospital mortality for each quartile group of admission tHcy were
shown in a Kaplan-Meier plot and compared using the log-rank test. Crude and multivariable logistic
regression models were used to estimate the association between tHcy levels and the risk of inhospital pneumonia, in-hospital mortality and poor functional outcome at hospital discharge. Odds
ratios (ORs) and 95% confidence interval (CIs) were calculated for each group with the lowest quartile
(Q1) as reference. Potential confounders such as age, sex, systolic blood pressure, time from onset to
admission, cigarette smoking status, alcohol drinking, history of hypertension, history of diabetes
mellitus, history of coronary heart disease, history of atrial fibrillation, history of stroke, baseline
NIHSS score (≥4 versus < 4) and estimated glomerular filtration rate (eGFR) levels were included in
the multivariate models. For the evaluation of secondary outcomes including all-cause in-hospital
mortality and poor functional outcome, pneumonia also was also adjusted for in the multivariable
logistic regression models.
Subgroup analyses were conducted in multivariate adjusted models stratified by age (≥70 years old
versus < 70 years old), sex, baseline systolic BP (≥150 mmHg versus < 150 mmHg), history of
diabetes mellitus, and time from onset to hospital (≥24 hours versus < 24 hours). All P values were
two-tailed, with < 0.05 considered statistically significant. All analyses were conducted using the SPSS
Version 17.0 statistical software.

Results
There were 3450 AIS patients who had met the diagnostic criteria in our study, of which, 1366
(39.6%) were excluded due to missing tHcy data. Baseline characteristics of enrolled and excluded
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patients are presented in Supplemental Table 1. Enrolled patients were more likely to be male,
cigarette smoker, and tend to have shorter time from onset to hospitalization, but longer time of
hospital stay. Other characteristics such as age, baseline NIHSS, baseline systolic BP, diastolic BP and
the medical history were similar between two groups.
Complete data on conventional risk factors and tHcy levels at admission were available for 2,084
patients (1242 men and 842 women). The median age was 70 years (IQR 60–79), and the median
NIHSS score was 4.0 (IQR 2.0–7.0). In comparison to participants with lower tHcy levels, those with
higher tHcy levels were more likely to be older and male, cigarette smoker and consumer of alcohol
and had co-morbidities including hypertension and stroke. Patients with higher tHcy level were also
more likely to have higher baseline systolic BP, and lower high-density lipoprotein cholesterol (HDLC), fasting plasma glucose (FPG) and eGFR levels, and tended to have shorter time from onset to
hospitalization (Table 1).
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Table 1
Baseline characteristics of 2,084 acute ischemic stroke patients according to serum tHcy quartiles

Characteristics

a

Number of
subjects
Demographics
Age, y
Male sex
Cigarette
smoking status
Alcohol
consumption
Clinical features
Time from onset
to hospital, h
Hospital stay,
day
Baseline systolic
BP, mm Hg
Baseline
diastolic BP, mm
Hg
TG, mmol/L
TC, mmol/L
LDL-C, mmol/L
HDL-C, mmol/L
FPG, mmol/L
eGFR,
ml/min/1.73 m2
mRS score
NIHSS score
Medical history
Hypertension
Diabetes
mellitus

Serum tHcy concentration, umol/l
Q1
Q2
Q3
< 9.70
9.70–12.3
12.3–16.9
513
526
526

Q4
≥ 16.9
519

P-value

64.4 ± 12.3
222 (43.3)
71 (13.8)

67.5 ± 11.9
306 (58.2)
116 (22.1)

70.0 ± 11.9
344 (65.4)
126 (24.0)

70.9 ± 13.7
370 (71.3)
135 (26.0)

< 0.001
< 0.001
< 0.001

36 (7.0)

58 (11.0)

59 (11.2)

65 (12.5)

0.025

24.0 (6.0–72.0)

21.0 (5.0–48.0)

24.0 (5.0–48.0)

24.0 (5.0–48.0)

0.017

10.0 (8.0–14.0)

10.0 (8.0–14.0)

10.0 (8.0–14.0)

10.0 (8.0–14.0)

0.925

149.3 ± 21.3

151.4 ± 22.1

153.1 ± 22.1

154.8 ± 24.7

0.001

85.3 ± 12.2

85.1 ± 12.6

85.4 ± 13.3

85.5 ± 14.6

0.976

1.2 (0.9–1.8)
4.6 (4.0–5.4)
2.6 (2.1–3.2)

1.2 (0.9–1.7)
4.6 (3.9–5.3)
2.7 (2.1–3.3)

1.2 (0.8–1.6)
4.5 (3.9–5.2)
2.7 (2.2–3.3)

1.2 (0.9–1.6)
4.5 (3.8–5.2)
2.7 (2.1–3.2)

0.061
0.099
0.889

1.2 (1.0–1.4)
5.9 (5.2–7.5)
112.1 ± 32.1

1.2 (1.0–1.4)
6.0 (5.1–7.6)
103.0 ± 29.2

1.2 (1.0–1.4)
5.6 (5.1–6.9)
94.2 ± 30.3

1.1 (1.0–1.4)
5.6 (4.9–6.6)
85.1 ± 33.0

0.009
< 0.001
< 0.001

2.0 (2.0–3.0)
4.0 (2.0–6.0)

2.0 (2.0–3.0)
4.0 (2.0–6.0)

2.0 (2.0–4.0)
4.0 (2.0–7.0)

3.0 (2.0–4.0)
4.0 (2.0–8.0)

0.110
0.087

373 (72.7)
152 (29.6)

403 (76.6)
138 (26.2)

414 (78.7)
124 (23.6)

422 (81.3)
121 (23.3)

0.009
0.071

31 (5.9)

28 (5.3)

26 (5.0)

0.698

78 (14.8)
109 (20.7)

81 (15.4)
129 (24.5)

89 (17.1)
139 (26.8)

0.421
0.008

294 (55.9)

301 (57.2)

312 (60.1)

0.545

41 (7.8)

43 (8.2)

45 (8.7)

0.894

6 (1.1)

9(1.7)

3 (0.6)

0.295

107 (20.3)

83 (15.8)

87 (16.8)

0.037

13 (2.5)
15 (2.9)

21 (4.0)
16 (3.0)

18 (3.5)
10 (1.9)

0.565
0.687

51 (9.7)
256 (48.7)
121 (23.0)
98 (18.6)

40 (7.6)
278 (52.9)
125 (23.8)
83 (15.8)

69 (13.3)
255 (49.1)
110 (21.2)
85 (16.4)

Coronary heart 22 (4.3)
disease
Atrial fibrillation 69 (13.5)
Stroke
96 (18.7)
Medication
history
Antihypertensive 301 (58.7)
therapy
Antiplatelet
38 (7.4)
therapy
Anticoagulation 4 (0.8)
therapy
Antiglycemic
112 (21.8)
therapy
Statin therapy
16 (3.1)
Thrombolysis
13 (2.5)
treatment
Stroke syndrome
TACS
42 (8.2)
PACS
242 (47.2)
POCS
138 (26.9)
LACS
91 (17.7)
*Continuous

0.040

variables are expressed as mean ± standard deviation or as median (interquartile range). Categorical
variables are expressed as frequency (percent).
Abbreviations: BP, blood pressure; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma glucose; eGFR, estimated glomerular
filtration rate; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; TACS, total anterior
circulation syndrome; PACS, partial anterior circulation syndrome; POCS, posterior circulation syndrome; LACS,
lacunar syndrome; Q, quartile.
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During hospitalization, 332 patients (15.9%) had a primary outcome of in-hospital pneumonia. In the
multivariable model, the OR for pneumonia was significantly higher among study participants with
admission tHcy in the highest quartile (≥ 16.9 umol/L) compared with those in the lowest quartile (<
9.70 umol/L) (OR 1.55; 95% CI 1.03–2.33; P- trend = 0.019) after adjustment for age, sex, baseline
NIHSS, and other potential covariates (Table 2). A significant association between admission tHcy
levels and in-hospital pneumonia was observed in most subgroups and there was no significant
interaction between admission tHcy and subgroup variables (P-interaction > 0.05 for all, Table 3).
Table 2
Odds ratios and 95% confidence intervals for in-hospital pneumonia according to quartiles of tHcy

Unadjusted
Cases (%) OR (95% P-trend
CI)
< 0.001
< 9.70
58 (11.3) 1.00
(referenc
e)
9.70–12.3 69 (13.9) 1.18
(0.82–
1.72)
12.3–16.9 91 (17.3) 1.64
(1.15–
2.34)
≥ 16.9
114
2.21
(22.0)
(1.57–
3.11)

Model 1
OR (95% P-trend
CI)
0.003
1.00
(referenc
e)
1.03
(0.71–
1.51)
1.29
(0.89–
1.87)
1.63
(1.13–
2.36)

Model 2
OR (95% P-trend
CI)
0.019
1.00
(reference
)
1.03
(0.68–
1.55)
1.22
(0.82–
1.83)
1.55
(1.03–
2.33)

Model 1, adjusted for age and sex;
Model 2, adjusted for age, sex, systolic blood pressure, time from onset to admission, cigarette smoking status,
alcohol drinking, history of hypertension, history of diabetes mellitus, history of coronary heart disease, history of
atrial fibrillation, history of stroke, baseline National Institutes of Health Stroke Scale score (NIHSS 4, NIHSS ≥
4)and eGFR levels.
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Table 3
Odds ratios and 95% confidence intervals of in-hospital pneumonia according to quartiles of tHcy: subgroup
analyses

Quartiles of serum tHcy
Q1
Q2
1.00
1.03 (0.68–
1.55)

Q3
1.22 (0.82–
1.83)

Q4
1.55 (1.03–
2.33)

P-trend

1.33 (0.78–
2.26)
0.66 (0.34–
1.29)

1.27 (0.75–
2.15)
1.24 (0.66–
2.33)

2.01 (1.17–
3.44)
1.11 (0.58–
2.16)

0.013

0.93 (0.53–
1.64)
1.12 (0.61–
2.07)

1.36 (0.77–
2.40)
1.10 (0.61–
2.01)

1.51 (0.82–
2.78)
1.55 (0.86–
2.79)

0.110

1.24 (0.72–
2.15)
1.21 (0.66–
2.20)

2.18 (1.26–
3.75)
1.01 (0.53–
1.94)

0.002

1.40 (0.86–
2.27)
0.93 (0.44–
1.97)

1.83 (1.11–
3.01)
1.22 (0.57–
2.59)

0.015

1.08 (0.59–
1.96)
1.38 (0.79–
2.40)

1.44 (0.80–
2.59)
1.80 (1.003.24)

0.107

Total
participants
Age, years
≥ 70 (median) 1.00
< 70

1.00

Sex
Female

1.00

Male

1.00

Baseline systolic BP, mmHg
≥ 150
1.00
1.01 (0.58–
(median)
1.75)
< 150
1.00
1.05 (0.57–
1.95)
History of diabetes mellitus
No
1.00
1.27 (0.78–
2.06)
Yes
1.00
0.60 (0.27–
1.33)
Time from onset to hospital,
h
≥ 24

1.00

< 24

1.00

0.81 (0.43–
1.51)
1.23 (0.70–
2.15)

0.019

P-interaction

0.974

0.403
0.862

0.110
0.091

0.883
0.377

0.447
0.749

0.046

Model 1, adjusted for age and sex;
Model 2, adjusted for age, sex, systolic blood pressure, time from onset to admission, cigarette smoking status,
alcohol drinking, history of hypertension, history of diabetes mellitus, history of coronary heart disease, history of
atrial fibrillation, history of stroke, baseline National Institutes of Health Stroke Scale score (NIHSS 4, NIHSS ≥
4)and eGFR levels.

Among 2,084 patients, 57 patients (2.7%) had died from all causes during hospitalization. The
cumulative incidence of all-cause mortality increased across the tHcy categories. (Log-rank P = 0.001;
Fig. 2) After adjustment for age, sex, baseline NIHSS, pneumonia and other potential covariates, study
participants with admission tHcy in the highest quartile were significant associated with increased risk
of in-hospital mortality compared with those in the lowest quartile (OR 3.35; 95% CI 1.11–10.13; Ptrend = 0.015) (Table 4). A significant association between admission tHcy levels and in-hospital
mortality were observed in most subgroups and an interaction between admission tHcy and sex was
noted (P-interaction = 0.031) (Table 5).
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Table 4
Odds ratios and 95% confidence intervals for in-hospital outcome according to quartiles of tHcy

Unadjusted
Cases (%) OR (95% P-trend
CI)
Death
< 0.001
< 9.70
6 (1.2)
1.00
(referenc
e)
9.70–12.3 10 (1.9) 1.64
(0.59–
4.54)
12.3–16.9 15 (2.9) 2.48
(0.96–
6.44)
≥ 16.9
26 (5.0) 4.46
(1.82–
10.92)
Poor functional
< 0.001
outcome
< 9.70
160
1.00
(31.2)
(referenc
e)
9.70–12.3 199
1.34
(37.8)
(1.04–
1.74)
12.3–16.9 206
1.42
(39.2)
(1.10–
1.84)
≥ 16.9
219
1.61
(42.2)
(1.25–
2.08)

Model 1
OR (95% P-trend
CI)
0.006
1.00
(referenc
e)
1.42
(0.51–
3.97)
1.89
(0.71–
5.01)
3.12
(1.22–
7.98)
0.002

Model 2
OR (95% P-trend
CI)
0.015
1.00
(reference
)
1.46
(0.46–
4.63)
1.90
(0.63–
5.74)
3.35
(1.11–
10.13)
0.044

1.00
(referenc
e)
1.33
(1.02–
1.73)
1.38
(1.05–
1.80)
1.56
(1.19–
2.05)

1.00
(reference
)
1.45
(1.052.00)
1.40
(1.001.96)
1.50
(1.06–
2.12)

Model 1, adjusted for age and sex;
Model 2, adjusted for age, sex, systolic blood pressure, time from onset to admission, cigarette smoking status,
alcohol drinking, history of hypertension, history of diabetes mellitus, history of coronary heart disease, history of
atrial fibrillation, history of stroke, baseline National Institutes of Health Stroke Scale score (NIHSS 4, NIHSS ≥ 4),
eGFR levels and pneumonia.
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Table 5
Odds ratios and 95% confidence intervals for in-hospital mortality according to quartiles of tHcy: subgroup analyses

Quartiles of serum tHcy
Q1
Q2
1.00
1.46 (0.46–
4.63)

Q3
1.90 (0.63–
5.74)

Q4
3.35 (1.11–
10.13)

P-trend

1.03 (0.26–
4.15)
2.79 (0.27–
28.52)

1.70 (0.48–
6.05)
2.57 (0.24–
28.03)

3.01 (0.84–
10.75)
4.45 (0.43–
46.15)

0.036

0.18 (0.02–
1.71)
5.39 (0.62–
46.68)

1.48 (0.37–
5.95)
2.84 (0.32–
25.35)

5.34 (1.37–
20.88)
2.86 (0.32–
26.22)

0.002

1.87 (0.50–
6.97)
1.68 (0.17–
16.83)

3.46 (0.98–
12.32)
2.51 (0.24–
26.25)

0.040

2.41(0.63–
9.29)
0.76 (0.05–
11.25)

3.40 (0.86–
13.44)
7.48 (0.9062.27)

0.038

NA

0.65 (0.03–
15.70)
4.52 (1.34–
15.28)

0.827

Total
participants
Age, years
≥ 70 (median) 1.00
< 70

1.00

Sex
Female

1.00

Male

1.00

Baseline systolic BP, mmHg
≥ 150
1.00
1.57 (0.40–
(median)
6.19)
< 150
1.00
1.07 (0.09–
12.40)
History of diabetes mellitus
No
1.00
1.56 (0.38–
6.30)
Yes
1.00
1.63 (0.11–
24.06)
Time from onset to hospital,
h
≥ 24
1.00
NA
< 24

1.00

1.80 (0.52–
6.26)

2.37 (0.71–
7.92)

0.015

P-interaction

0.865

0.234
0.031

0.981
0.555

0.252
0.590

0.067
0.795

0.007

Model 1, adjusted for age and sex;
Model 2, adjusted for age, sex, systolic blood pressure, time from onset to admission, cigarette smoking status,
alcohol drinking, history of hypertension, history of diabetes mellitus, history of coronary heart disease, history of
atrial fibrillation, history of stroke, baseline National Institutes of Health Stroke Scale score (NIHSS 4, NIHSS ≥ 4),
eGFR levels and pneumonia.

There were 784 patients (37.6%) with poor functional outcome (mRS score ≥ 3) at hospital discharge.
After adjustment for age, sex, baseline NIHSS, pneumonia and other potential covariates, study
participants with highest quartile of tHcy were significant associated with increased poor functional
outcome risk compared with those in the lowest quartile (OR 1.50; 95% CI 1.06–2.12; P-trend = 0.044)
(Table 4). Also, the significant association between admission tHcy levels and poor functional
outcome at discharge was noted in most subgroups and an interaction between admission tHcy and
baseline systolic BP was found (P-interaction = 0.038) (Table 6).
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Table 6
Odds ratios and 95% confidence intervals for poor functional outcome according to quartiles of tHcy: subgroup
analyses

Quartiles of serum tHcy
Q1
Q2
1.00
1.45 (1.052.00)

Q3
1.40 (1.001.96)

Q4
1.50 (1.06–
2.12)

P-trend

1.16 (0.70–
1.92)
1.75 (1.14–
2.69)

1.49 (0.90–
2.46)
1.21 (0.75–
1.95)

1.94 (1.14–
3.29)
1.15 (0.71–
1.86)

0.007

1.66 (1.04–
2.63)
1.22 (0.77–
1.94)

1.37 (0.83–
2.29)
1.29 (0.81–
2.06)

2.40 (1.38–
4.18)
1.12 (0.70–
1.79)

0.005

1.54 (0.97–
2.45)
1.34 (0.81–
2.21)

2.13 (1.32–
3.42)
1.04 (0.61–
1.77)

0.009

1.24 (0.83–
1.84)
1.88 (0.98–
3.60)

1.35 (0.90–
2.04)
2.20 (1.12–
4.35)

0.214

1.78 (1.08–
2.92)
1.13 (0.70–
1.81)

1.70 (1.04–
2.79)
1.32 (0.80–
2.18)

0.048

Total
participants
Age, years
≥ 70 (median) 1.00
< 70

1.00

Sex
Female

1.00

Male

1.00

Baseline systolic BP, mmHg
≥ 150
1.00
1.88 (1.21–
(median)
2.93)
< 150
1.00
1.09 (0.66–
1.77)
History of diabetes mellitus
No
1.00
1.30 (0.88–
1.91)
Yes
1.00
1.83 (0.99–
3.37)
Time from onset to hospital,
h
≥ 24
1.00
1.65 (1.02–
2.64)
< 24
1.00
1.27 (0.81–
2.01)

0.044

P-interaction

0.188

0.858
0.078

0.726
0.038

0.694
0.269

0.026
0.582

0.418

Model 1, adjusted for age and sex;
Model 2, adjusted for age, sex, systolic blood pressure, time from onset to admission, cigarette smoking status,
alcohol drinking, history of hypertension, history of diabetes mellitus, history of coronary heart disease, history of
atrial fibrillation, history of stroke, baseline National Institutes of Health Stroke Scale score (NIHSS 4, NIHSS ≥ 4),
eGFR levels and pneumonia.

Discussion
The present study of over 2000 acute AIS patients had demonstrated an association between
elevated tHcy and in-hospital outcomes. We found that having elevated tHcy at baseline was
independently associated with the occurrence of in-hospital pneumonia, higher risk of in-hospital
mortality as well as poor functional outcome at hospital discharge among AIS patients. Moreover,
having pneumonia during hospitalization did not modify the effect of elevated tHcy on patient
outcome.
Total homocysteine is a sulfur-containing amino acid derived from methionine metabolism, and was
an independent risk factor for stroke [5, 6]. Interestingly, several studies suggested elevated tHcy
may reflect inflammation as other markers like hs-CRP [14–17]. A study of 977 acute AIS patients
showed a combination of increased hs-CRP, tHcy, or white blood cell had a stronger predictive effect
on 1-year poor outcome than individual elevated mediators [14]. Another study from China also found
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a concomitant effect of hs-CRP and tHcy on 1-year post-stroke depression [15]. Moreover, two studies
suggested an association between early tHcy increase and poor outcome in patients with sepsis, and
having elevated tHcy was a marker of spontaneous bacterial peritonitis in cirrhotic ascites patients
[16, 17]. In our study, we found acute AIS patients with elevated tHcy level had a 1.55-fold increased
risk of in-hospital pneumonia. Our study is the first to reveal an association between elevated tHcy
and the risk of pneumonia, consistent with previous reports of tHcy as a useful inflammatory marker.
Several studies had investigated the prognostic effect of elevated tHcy at admission on the functional
outcome among patients with acute AIS. However, the findings from these studies were inconsistent
[7–13, 22]. A secondary analysis of the China Antihypertensive Trial in Acute Ischemic Stroke (CATIS)
trial of 3309 AIS patients indicated higher tHcy was associated with worse acute AIS prognosis in
women at 3-month follow-up [7]. A study of 3799 AIS cases suggested that having elevated tHcy
levels could predict mortality, especially in stroke patients with the large-vessel atherosclerosis
subtype during 48 months follow-up [8]. Other studies also noted that the higher level of tHcy may
predict early neurological deterioration [9] and poor functional outcome at hospital discharge [10].
However, no significant association between higher tHcy and poor functional outcome was found in
other studies [11–13, 22]. In a study which recruited 594 elderly AIS patients, elevated tHcy at
admission was not shown to be a predictor of outcome at 3 months and 1 year [11]. A study of 775
AIS patients in Italy demonstrated higher tHcy was not associated with stroke severity nor outcome
measured by the Barthel Index at 6 or 12 months [12]. In our study, we found elevated tHcy level was
associated with a 3.35-fold and 1.50-fold increased risk of in-hospital mortality and poor functional
outcome at hospital discharge respectively, and these associations were significant in different
subgroups and in patients with pneumonia. Variations in sample size, population, definition of clinical
outcomes and different statistic methods may have led to discrepant findings from previous studies.
In present study, we also found an interaction between high tHcy and gender on in-hospital mortality.
The association between high tHcy and increased risk of in-hospital mortality was observed only in
females, but not males. Similar interesting phenomenon was seen in other studies [7, 23]. Zhong et
al. using CATIS trial database had demonstrated elevated tHcy was associated with poor prognosis of
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acute AIS only in women [7] and a Swedish study also reported an association between higher tHcy
and increased risk of 5-year mortality only in women [23]. The mechanism of gender-specific
relationship between elevated tHcy and in-hospital mortality is unclear, partially due to early
endothelial dysfunction caused by tHcy [24, 25] in women.
The exact mechanisms underlying the relationship between elevated tHcy levels and poor functional
outcome after AIS is not yet fully understood. Several hypotheses have been proposed. First, previous
studies showed a significant association between elevated tHcy and the presence of cerebral small
vessel disease [26, 27], which is a known predictor of poor outcome and mortality after stroke [28,
29]. Second, animal studies indicated elevated tHcy significantly increased the blood-brain barrier
dysfunction [30, 31], which may lead to poor functional outcome after stroke. Third, elevated tHcy
was reported to increase oxidative stress [32] and exaggerates microglia activation and
neuroinflammation after stroke [33].
Strengths of our study include having a relatively large number of patients from multiple centers and
using sensitivity and subgroup analysis, which enhances the generalizability of the results. The
present investigation is also the first to have found an independent association between elevated
tHcy and pneumonia during hospitalization. However, there are also several potential limitations.
First, a significant proportion of patients were excluded due to lack of homocysteine data, this may
cause selection bias and contribute to a lower rate of in-hospital mortality compared to our previous
studies. Secondly, in our study some patients had time from onset to admission which exceeded 24
hours, therefore, the levels of tHcy at admission might not accurately reflect the levels at stroke
onset. However, our sensitivity analysis showed that the significance of the association remained
when we restricted to patients with time from onset to admission ≤ 24 hours. Thirdly, data on prestroke disability and Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification, which may
also influence in-hospital mortality. Moreover, the level of Vitamin B12 and folic acid, which are
significant associated with tHcy were not collected. Finally, the follow-up period of our study is
relatively short, thus we were unable to evaluate the combined long-term effect of tHcy on AIS
outcomes and lacked information on exact cause of death.
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Conclusion
Our results indicated that having a higher level of homocysteine at admission was independently
associated with in-hospital pneumonia, in-hospital mortality and poor functional outcome at hospital
discharge in acute ischemic stroke patients. The association between higher homocysteine and poor
functional outcome remained significant considering the presence of pneumonia.
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Figure 1
Patient flowchart.

21

Figure 2
Cumulative incidence curves of in-hospital mortality by tHcy level.
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