Ischemic stroke mortality is more strongly associated with anemia on admission

than with underweight status

Satoshi Kubo, MD" 2), Naohisa Hosomi, MD, Pth), Naoyuki Hara, MD" 2), Shuichiro
Neshige, MD" 2), Takahiro Himeno, MDz), Shinichi Takeshima, MDZ), Kazuhiro
Takamatsu, MDz), Yutaka Shimoe, MD, Pth), Taisei Ota, MDz), Hirofumi Maruyama,
MD, Pth), Toshiho Ohtsuki, MD, PhD3), Masaru Kuriyama, MD, PhD 2), Masayasu

Matsumoto, MD, PhD D

1) Department of Clinical Neuroscience and Therapeutics, Hiroshima University
Graduate School of Biomedical and Health Sciences, Hiroshima, Japan

2) Department of Neurology, Brain Attack Center Ota Memorial Hospital, Fukuyama,
Japan

3) Stroke Center, Kinki University Hospital, Osaka, Japan

Address correspondence to:

Naohisa Hosomi, MD, PhD, FAHA

Department of Clinical Neuroscience and Therapeutics, Hiroshima University Graduate
School of Biomedical and Health Sciences

1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan

Fax: +81-82-505-0490; Tel: +81-82-257-5201

E-mail: nhosomi@hiroshima-u.ac.jp



Cover title: Anemia predicts stroke mortality

Key words: anemia, underweight status, ischemic stroke, mortality
Number of tables: 3

Number of figures: 1

Number of references: 30

Number of supplemental tables: 2

Words count for manuscript: 3946 words



Abstract

Background: Underweight patients were recently reported as a group with high risk of
post-stroke death. Anemia also increases mortality rates in stroke patients. However, the
causal associations between body weight and anemia resulting in stroke-related death
remain unclear. We examined the association of weight status and hemoglobin levels
with 3-month mortality after ischemic stroke.

Methods: The study enrolled all consecutive patients with acute ischemic stroke and no
history of stroke, admitted to our hospital between January 2010 and December 2013.
Patients were categorized into four body mass index (BMI) categories (underweight,
normal-weight, overweight, and obese). Anemia was evaluated according to the World
Health Organization criteria (men, <13 g/dl; women, <12 g/dl).

Results: A total of 1733 acute ischemic stroke patients (149 underweight, BMI<18.5
kg/m?; 1076 normal-weight, BMI=18.5-24.9 kg/m* 436 overweight, BMI=25-29.9
kg/m?; and 72 obese, BMI>30 kg/m?”) were included. Death within 3 months occurred in
65 patients (underweight, 10.1%; normal-weight, 3.4%; overweight, 2.3%; and obese,
5.6%). Compared to non-anemic patients, those with anemia (n=329, 19.0%) had lower
BMI (21.8 vs. 23.7 kg/m?, P<0.001) and higher mortality rates (9.1% vs. 2.5%,
P<0.001). Underweight status was associated with 3-month mortality after adjusting for
age, sex, comorbidities, and initial stroke severity. However, in the models that included
laboratory findings, it was anemia status (odds ratio, 2.81; 95% confidence interval,
1.46-5.43), not underweight status, that was independently associated with 3-month
mortality.

Conclusion: Anemia on admission was associated with stroke mortality independent of

underweight status.



Introduction

The risk of ischemic stroke is known to increase with excess body weight,
independent of other vascular risk factors '. Obesity is also one of the causes of
hypertension, diabetes mellitus, and dyslipidemia, which are among the classical
vascular risk factors 2. However, some reports have indicated that obesity may not
increase the risk of stroke recurrence > *. On the other hand, the potential association
between obesity and stroke-related mortality is still under debate. A few studies reported
that being underweight also leads to poor stroke outcomes . Therefore, the causal
association between body mass index (BMI) and stroke mortality remains unclear.

. 9,10
Anemia has also been reported to worsen stroke outcomes

. While there is yet no
consensus regarding the potential association between anemia and BMI, anemia was
shown to have higher incidence in underweight individuals ' '%. A recent meta-analysis
found that anemia increased the mortality risk in patients with stroke '*. However, few
studies have investigated whether anemia remained associated with stroke mortality
after adjusting for BMI or nutritional status. Indeed, it was reported that serum albumin
levels are associated with stroke mortality > **.

The aim of the present study was to elucidate the relationship among BMI status,

anemia, and ischemic stroke mortality, and assess the influence of hypoalbuminemia on

this relationship.

Methods

This was a single-center, hospital-based, retrospective study that received approval

from the hospital’s institutional review board. The study included consecutive patients



with no history of stroke, who were admitted with acute ischemic stroke to the Brain
Attack Center at Ota Memorial Hospital between January 2010 and December 2013.
The patients with prior stroke history, as well as those admitted later than 7 days after
stroke onset and those who received acute stroke management with intravenous
recombinant tissue plasminogen activator treatment, endovascular therapy, or any
operation, were excluded from this study. Ischemic strokes were classified according to
the criteria laid down by the Trial of ORG 10172 in Acute Stroke Treatment . The
following baseline clinical characteristics were recorded at admission: age; sex; BMI;
classical vascular risk factors including hypertension, diabetes mellitus, dyslipidemia,
chronic kidney disease (CKD), daily alcohol intake (>40 g), and smoking habit;
laboratory findings including hemoglobin and serum albumin levels; and the National
Institutes of Health Stroke Scale (NIHSS) score, as a measure of neurological severity.
Hypertension was defined as the use of anti-hypertensive medications prior to
admission, or as a confirmed blood pressure of >140/90 mmHg at rest 2 weeks after
stroke onset. Diabetes mellitus was defined as glycated hemoglobin levels of >6.5%,
fasting blood glucose levels of >126 mg/dl, or the use of anti-diabetic medication.
Dyslipidemia was defined as total-cholesterol levels of >220 mg/dl, low-density
lipoprotein cholesterol levels of >140 mg/dl, high-density lipoprotein cholesterol levels
of <40 mg/dl, triglyceride levels of >150 mg/dl, or the use of anti-hyperlipidemia
medication. CKD was defined as an estimated glomerular filtration rate (eGFR) of <60
ml/min/1.73 m?. In the Japanese population, eGFR is calculated using the following

equation:

eGFR = 194 x Cr "% x Agefo'287 (x0.739 for women) '°.



Each patient was assigned to one of four BMI categories (underweight, BMI<18.5
kg/m*; normal weight, BMI=18.5-24.9 kg/m*; overweight, BMI=25.0-29.9 kg/m?; or
obese, BMI >30.0 kg/m?), according to the classification laid down by the World Health
Organization (WHO). Anemia was also defined according to the WHO criteria as a
hemoglobin concentration of <13 g/dl in men and <12 g/dl in women 7 Statistical
analysis was performed using the JMP v12.0.1 software (SAS Institute, Inc., Cary, NC).
For continuous variables, the data are expressed either as the means + standard
deviations (SD) or medians (25th and 75th percentiles). Discrete variables are expressed
as frequencies and percentages. The statistical significance of inter-group differences
was assessed by 7, unpaired 7, Mann-Whitney U and Kruskal-Wallis tests, as
appropriate. Multivariate logistic analyses were performed to identify the indicators
(model 1; age, sex, underweight, hypertension, diabetes mellitus, dyslipidemia, chronic
kidney disease, daily alcohol intake, smoking habit, cardioembolic stroke and NIHSS
scores, and model 2; anemia and serum albumin added to the indicators of model 1) for
stroke mortality using a backward selection procedure with P>0.10 as the exclusion

criterion for the likelihood ratio test.

Results
Baseline characteristics according to BMI categories or anemia status

A total of 1733 patients (age, 72+12 years; women, 37.6%) were included. The mean
BMI was 23.3+3.7 kg/m?, and 149 patients (8.6%) were underweight. Demographic and
clinical characteristics including age, sex, history hypertension, diabetes mellitus,
dyslipidemia, hemoglobin levels, serum albumin levels, and NIHSS score were

significantly different among BMI categories (Table 1). Underweight patients were



older and more often female, had higher NIHSS scores, and had lower incidence of
hypertension, diabetes mellitus, and dyslipidemia. The levels of hemoglobin and serum
albumin were the lowest in underweight patients. The incidence of anemia was also
significantly different among BMI categories (Figure 1A), and was the highest (36.9%)
in underweight patient. Patients with anemia (n=329, 19.0%) were older and more often
underweight, with a higher incidence of CKD and cardioembolic stroke, but with a
lower incidence of dyslipidemia, lower daily alcohol intake, less frequent smoking habit,
higher NIHSS scores, and lower levels of serum albumin (Supplemental Table 1).
Indicators for stoke mortality at 3 months

Death within 3 months occurred in 65 patients (underweight, 10.1%; normal-weight,
3.4%; overweight, 2.3%; and obese, 5.6%; Figure 1B). Table 2 shows the baseline
characteristics among patients with 3-month mortality and those without. The patients
with 3-month mortality were older and more often female and underweight, with a
higher incidence of CKD and cardioembolic stroke, but with a lower incidence of
dyslipidemia, less frequent smoking habit, higher NIHSS scores, and lower levels of
serum albumin. In addition, the patient with 3-month mortality had higher incidence of
anemia than those without (46.2% vs. 17.9%, P<0.001, Table 2). The causes of death are
listed in Supplemental Table 2. Most patients died of stroke, cardiovascular disease, or
infection. Multivariate logistic regression analysis revealed that age, cardioembolic
stroke, NIHSS at admission and underweight status was independently associated with
3-month mortality (Table 3, model 1). When including laboratory findings (anemia and
serum albumin levels) in the model, we found that anemia, but not underweight status
or serum albumin levels, was independently associated with 3-month mortality (odds

ratio, 2.81; 95% confidence interval, 1.46-5.43) (Table 3, model 2).



Discussion

In the present study, we found that the incidence of anemia and the rate of 3-month
mortality were higher in underweight patients than in those with other BMI categories.
In addition, we found that anemia status, but not underweight status, was independently
associated with 3-month mortality.

Patients with lower BMI were reported to have a higher risk of mortality after

5-8, 18

stroke, while the opposite was reported for patients with higher BMI . In Japan,

several epidemiological studies found that lower BMI represented a significant risk
factor for long-term stroke mortality, especially among men '* ?°. While these large-
scale studies evaluated the long-term outcomes of stroke patients (over the course of 10
or even 19 years of follow-up), Kawase et al. have recently reported that, in Japanese
ischemic stroke patients, lower BMI might be associated with not only long-term but
also short-term outcomes *'. Similarly, in our study, underweight patients showed
significantly higher mortality at 3 months after stroke compared to that noted among
normal-weight patients, while this was not the case for obese patients. The present study
evaluated the causal association among BMI, anemia, and stroke mortality, and found
that anemia status, but not underweight status, was independently associated with stroke
mortality, which represents a novel finding.

In the present study, the prevalence of anemia was 19.0%, which is similar to the
prevalence reported in a recent meta-analysis for acute ischemic stroke patients (21.9%)
1 In fact, several studies have showed that anemia or lower hemoglobin levels were
associated with stroke mortality . Unlike these previous studies, we considered the

concomitant influence of BMI (weight status) and serum albumin levels. Our findings



provided further evidence for the associations between anemia status and stroke
mortality in consideration of these indicators. Nevertheless, we were not able to fully
clarify the reason why anemia was associated with stroke mortality. One possible cause
for our observation is related to the complications due to anemia. In general, the
pathological mechanisms of congestive heart failure, CKD, and anemia are thought to
be interconnected, acting in a vicious circle in which each condition causes or

exacerbates the other >

. Indeed, our univariate analysis showed that CKD was
associated with mortality, even though this association was not significant in the
multivariate analysis. Although we reanalyzed the multivariate logistic regression
analysis adding the severe renal dysfunction (¢GFR<30 ml/min/1.73 m?®) instead of
CKD, severe renal dysfunction was also not associated with mortality (data not shown).
The details regarding the severity of heart failure could not be evaluated in the present
study. Further studies whether the combination of interactions between anemia and renal
failure or heart failure contributes to stroke mortality will be needed. Second, some
patients with anemia have active cancer. Indeed, five patients died of cancer within 3
months after stroke. Third, the oxygen supply of the brain depends on hemoglobin
levels and blood viscosity '°. Therefore, impaired oxygen and energy supply might
contribute to the progression of stroke and occurrence of stroke-related death in anemic
patients. Anemia has also been suggested to be related to inflammatory response and
endothelial dysfunction °. The above-described factors might account for at least part
of the increased stroke mortality noted among patients with anemia.

Previous reports found that underweight status, anemia, and low albumin levels
were associated with increased mortality after stroke, but these studies only accounted

5-8, 10, 23-25

for the individual effect of each factor, and not for their interaction . In our



study, we showed that anemia status was associated with mortality after ischemic stroke,
independent of underweight status and low albumin levels; moreover, we showed that
underweight status and low albumin levels did not remain statistically significant
predictors of mortality when adjusting for anemia status. Our results thus suggest that
anemia may account for the high post-stroke mortality rates noted in underweight
patients. It remains unclear whether the treatment of anemia at admission could reduce
the mortality after ischemic stroke. Further interventional treatment to correct low
hemoglobin levels may clarify the therapeutic value of treating anemia to reduce
mortality risk after ischemic stroke.

There are several limitations to our study. First, this was a single-center study, and
we cannot exclude the possibility of selection bias. However, ours is a large-volume
stroke center, and the analysis was based on a large study sample (1733 patients).
Moreover, the baseline characteristics of our patients did not deviate from those

26. 27 Therefore, we expect that

reported in large Japanese stroke-registry studies
selection bias does not play a major role. Second, this retrospective cross-sectional
study depended on the quality of data collection and thoroughness of recording of the
results from laboratory examinations performed upon admission; therefore, it was not
possible to investigate the cause of low hemoglobin levels. It was reported that patients
with anemia have a higher incidence of malnutrition, and nutrition status early after

28,29
*“”. In our study, we were not

stroke was independently associated with poor outcome
able to evaluate nutrition status because of the type of data that were recorded, and
therefore, potential bias related to malnutrition was not accounted for. Finally, other

laboratory findings such as initial glucose levels or lipid profiles were not evaluated in

the present study. Indeed, initial glucose levels were thought to be associated with

10



stroke mortality *. In addition, lipid profiles might be also associated with the

underweight or anemia status.

Conclusion

Our study found that the 3-month mortality after acute ischemic stroke was higher
among underweight patients than among patients who were not underweight. The
incidence of anemia was also higher among underweight patients, and anemia status
was associated with stroke mortality, independent of the underweight status and serum

albumin levels.
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Figure legends
Figure 1. Prevalence of anemia according to body mass index category (A). Three-

month mortality rates according to body mass index category (B).
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Table 2. Univariate analysis to determine factors associated with 3-month mortality.

Factors Death Alive p-value
(n=65) (n=1668)
Age, years 80£11 71£12 <0.001
Female, n (%) 34 (52.3) 617 (37.0) 0.012
Body mass index, kg/m? 21.8+4.8 23.4+3.6 <0.001
Underweight, n (%) 15 (23.1) 134 (8.0) <0.001

Vascular risk factors

Hypertension, n (%) 46 (70.8) 1244 (74.6) 0.490
Diabetes mellitus, n (%) 23 (354) 567 (34.0) 0.816
Dyslipidemia, n (%) 25 (38.5) 920 (55.2) 0.008
Chronic kidney disease, n (%) 36 (55.4) 518 (31.1) <0.001
Daily alcohol intake, n (%) 5(7.7) 263 (15.8) 0.077
Smoking habit, n (%) 9(13.9) 448 (26.9) 0.020
Cardioembolic stroke, n (%) 38 (58.5) 341 (20.4) <0.001
Hemoglobin, g/dl 12.3£3.0 14.0+1.8 <0.001
Anemia, n (%) 30 (46.2) 299 (17.9) <0.001
Serum albumin, g/dl 3.8£0.4 4.2+0.4 <0.001
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NIHSS score at admission 20 (8-27) 2(1-4) <0.001

NIHSS, National Institutes of Health Stroke Scale
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