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Hyperglycemia is independently associated with decreased 
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Abstract

Background: Hyperglycemia at admission has been recognized as an independent predictor of poor outcome after aneurysmal 
subarachnoid hemorrhage (aSAH); however, it remains poorly characterized in multivariate models depicting representative 
population samples. Objective: The objective of the study was to identify if admission blood glucose can independently 
predict in-hospital mortality after subarachnoid hemorrhage in Mexican patients included in a nationwide multicenter registry. 
Design/methods: Consecutive patients with aSAH due to ruptured intracranial aneurysm confirmed by 4-vessel angiography 
were registered in 25 tertiary referral centers from 14 states in Mexico. Multivariate analyses were modeled to find indepen-
dent predictors of in-hospital mortality, with adjustment for relevant confounders, using the Hunt-Hess and Fisher scales. 
Results: A total of 231 patients were studied (66% women; mean age 52 years, range 16-90). Length of hospital stay was 
a median of 23 days (range 2-98) with in-hospital mortality of 20%, 54% due to a neurological cause. Survival analyses 
showed a higher probability of death with admittance blood glucose levels in the higher quartile (glycemia > 150 mg/dl) 
(p < 0.001). Predictors of in-hospital mortality were the Hunt-Hess score > 2 (odds ratio [OR]: 3.79, 95% confidence interval 
[CI]: 1.43-10.06) and glycemia in the higher quartile (OR: 2.98, 95% CI: 1.12-7.96). Conclusions: Hyperglycemia is an impor-
tant independent factor associated with in-hospital mortality. Its early detection and management should be a priority to 
improve outcomes.
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Introduction

Hyperglycemia is a well-known poor prognostic factor 
associated with adverse outcomes in neurocritical con-
ditions such as ischemic stroke, even in the absence 
of known diabetes mellitus. However, its contribution as 
an independent predictor in aneurysmal subarachnoid 
hemorrhage (aSAH) is limited1,2. 

High blood glucose concentration can be present in 
one-third of patients with aSAH at any given time during 
hospitalization3-6. Retrospective studies have shown 
that for every mg increase in glucose over 140 mg/dL, 
there is an increase in mortality and adverse outcome7. 
In the present study, we aim to analyze the relationship 
between blood glucose level at admission and in-hos-
pital mortality risk in patients with aSAH.

Materials and methods

Data were obtained from the prospective hospi-
tal-based national multicenter RENAMEVASC registry 
(Registro Nacional de Enfermedad Cerebral Vascular) 
study where consecutive patients with all stroke types 
(ischemic and hemorrhagic) were registered over a 
2-year period in 25 tertiary referral centers across the 
country. A total of 2000 patients were studied8,9. For the 
present analysis, only patients with a diagnosis of aSAH 
confirmed by 4-vessel angiography were included.

 Demographic data, cardiovascular risk factors, clinical 
presentation at hospital admission (Glasgow Coma 
Scale and Hunt and Hess scale), radiological character-
istics (aneurysm topography by angiography and Fisher 
score), medical and neurosurgical treatment, in-hospital 
complications, and final outcome at hospital discharge 
were also obtained from the original registry8,9. 

Blood glucose was measured at hospital admission 
(using the first blood sample before any intervention) 
and patients were categorized into two groups depend-
ing on blood levels: ≤ 150 mg/ml (≤ 8.3 mmol/l) and 
> 150 mg/ml (> 8.3 mmol/l). The primary outcome was 
the association of admission blood glycemia with in-hos-
pital mortality. We used the prognostic Hunt-Hess scale, 
which classifies patients regarding their clinical features 
using a numbered scale (I to V, asymptomatic to coma-
tose, respectively) and the Fisher scale which uses 
computed tomography scan findings to classify patients 
(I to IV, no visible blood in imaging study, diffuse or no 
subarachnoid blood with intracerebral or intraventricular 
hematoma, respectively) to predict the risk of develop-
ing vasospasm as a basis to determine prognosis. 
Lower scores on the Hunt-Hess and the Fisher scales 
indicate better prognosis. The study was approved by 
the ethical committee of every participating center in the 
study, cataloged as a no risk study with no intervention. 
Patient information was obtained under previous autho-
rization by written consent in all cases. 

Hiperglicemia como factor predictor independiente de mayor mortalidad en pacientes 
mexicanos con hemorragia subaracnoidea aneurismática

Resumen

Antecedentes: La hiperglucemia al ingreso se ha reconocido como un predictor independiente de mal pronóstico después 
de una hemorragia subaracnoidea aneurismática (HSAA); sin embargo, este hallazgo aún está mal caracterizado en modelos 
multivariados de población representativa. Objetivo: Identificar si la glucosa en sangre al ingreso hospitalario puede pre-
decir de forma independiente la mortalidad hospitalaria después de HSAA en pacientes mexicanos incluidos en un registro 
multicéntrico nacional. Diseño/métodos: Se registró a pacientes consecutivos con HSA secundaria a un aneurisma intra-
craneal roto confirmado por angiografía de cuatro vasos en 25 centros de referencia terciarios de 14 estados en México. 
Los análisis multivariados se modelaron para identificar predictores independientes de mortalidad hospitalaria, con ajuste 
por factores de confusión relevantes, mediante las escalas de Hunt-Hess y Fisher. Resultados: Se estudió a un total de 231 
pacientes (mujeres, 66%; edad media, 52 años; intervalo, 16-90). La duración de la estancia hospitalaria tuvo una mediana 
de 23 días (intervalo, 2-98) con una mortalidad hospitalaria del 20%, 54% debido a una causa neurológica. Los análisis de 
supervivencia mostraron una mayor probabilidad de muerte con los valores de glucosa en sangre en el cuartil superior 
(glucemia > 150 mg/dl; p < 0.001). Los predictores de mortalidad hospitalaria fueron la puntuación de Hunt-Hess > 2 
(OR, 3.79; IC 95%, 1.43-10.06) y la glucemia en el cuartil superior (OR, 2.98; IC95%, 1.12-7.96). Conclusiones: La hiperglu-
cemia es un importante factor independiente relacionado con la mortalidad hospitalaria. Su detección y gestión tempranas 
deben ser una prioridad para mejorar los resultados.

Palabras clave: Glucosa. Hiperglucemia. Aneurisma intracraneal. Hemorragia subaracnoidea. Pronóstico. 
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Statistical analysis 

We grouped patients using quartiles with the following 
variables: Hunt-Hess scale, Fisher scale, Glasgow Coma 
Scale, and admission glycemia. Multivariable analyses 
were modeled to find independent predictors of in-hos-
pital mortality, with adjustment for relevant confounders. 
All cases were evaluated by a neurologist using the Hunt 
and Hess score for aSAH to determine the mortality risk 
associated with the severity of the hemorrhage on imag-
ing studies and their relation with other individual mortal-
ity predictors (including glycemia). 

Results

In the original registry, a total of 231 patients 
(153 [66%] women and 78 [34%] men) were included 
for analysis. Mean age was 51.8 years (median 51 
years, range 16-90). A total of 42% of patients had a 
prior diagnosis of hypertension and 7% had a history 
of diabetes mellitus. History of tobacco use was a pres-
ent in 35% of patients. Median duration of hospital stay 
was 23 days (range 2-98). In-hospital mortality oc-
curred in 20% of cases; 54% were due to a neurological 
cause, 28% due to a systemic condition (including in-
fection, deep vein thrombosis, pulmonary embolism, 
and cardiac arrhythmia), and 17% with both.

Of the total o patients, only 219 have a blood glucose test 
prior any intervention. A total of 55 (25%) patients had a 
blood glucose level in the upper quartile (> 8.3 mmol/l or 
> 150 mg/dL) compared with 164 patients (75%) with lower 
glucose level. Mortality occurred in 50% among patients 

with hyperglycemia. Higher grades in the Hunt-Hess 
scale (Grades III-V) and Fisher scale (III-IV) were relat-
ed to a higher mortality rate (60% and 100%, respec-
tively) in comparison with lower grades. A lower score  
in the Glasgow scale was not related to mortality rate. 
These subanalyses are shown in table 1. Survival 
analyses and Kaplan–Meier curves showed a higher 
probability of in-hospital death with admittance blood 
glucose level in the higher quartile of the sample 
(p < 0.001) (Fig.  1). After a binary logistic regression 
model controlled for clinical and laboratory variables 
identified at hospital presentation, predictors of in-hos-
pital mortality were Hunt-Hess score > 2 (odds ratio 
[OR]: 3.79, 95% confidence interval [CI]: 1.43-10.06) 
and glycemia in the higher quartile of the sample 
(OR: 2.98, 95% CI: 1.12-7.96) (Table 2). 

Discussion

Hyperglycemia as a poor prognosis variable in pa-
tients with aSAH was first mentioned in 192510. Since 
then, it has been related to non-neurological systemic 
complications, delayed vasospasm, cerebral infarction, 
prolonged in-hospital stay, poor functional outcome, 
and death. Admittance and perioperative blood glucose 
have been associated with a poor prognosis after 
aSAH11. Despite this early observation, the relationship 
has been scarcely investigated in other studies 
(Table S1). Hyperglycemia represents the metabolic 
response to stress12-14 and is associated with a higher 
risk of vasospasm and secondary ischemia15,16. It is 

Table 1. In-hospital mortality based on clinical characteristics and cerebral imaging at hospital admission

Variable Total Gender p value Age (years) p value Intrahospital death p value Multivariate 
p value

Male Female ≤ 49 ≥ 50 Present Absent

Hunt-Hess scale 
Grade I-II, n (%)
Grade III-V, n (%)

133 (66)
69 (34)

51 (74)
51 (38)

82 (62)
18 (26)

0.09 72 (73)
26 (27)

61 (59)
43 (41)

0.04 14 (40)
21 (60)

119 (71)
48 (29)

< 0.001 0.046

Fisher scale
Grade I-II, n (%)
Grade III-IV, n (%)

52 (26)
149 (74)

17 (25)
52 (75)

35 (26)
97 (74)

0.86
28 (29)
68 (71)

24 (23)
81 (77)

0.34
0 (0)

34 (100)
52 (31)

115 (69)

< 0.001 0.997

Glasgow Coma Scale
13-15, n (%)
9-12, n (%)
3-8, n (%)

149 (67)
43 (19)
32 (14)

61 (80)
9 (12)
6 (8)

88 (59)
34 (23)
26 (18)

0.007
78 (76)
12 (11)
13 (13)

71 (59)
31 (25)
19 (16)

0.01
17 (39)
14 (33)
12 (28)

132 (73)
29 (16)
20 (11)

< 0.001 0.026

Admission glycemia 
≤ 150 mg/dl, n (%)
> 150 mg/dl, n (%)

164 (75)
55 (25)

55 (73)
20 (27)

109 (76)
35 (24)

0.70
84 (43)
20 (57)

65 (46)
35 (54)

0.056
20 (50)
20 (50)

144 (80)
35 (20)

< 0.001 0.026

aSAH: aneurysmal subarachnoid hemorrhage; CI: confidence interval.
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difficult to determine if hyperglycemia is the cause, the 
consequence or an epiphenomenon related to medical 
complications such as pneumonia. Therefore, admit-
tance blood glucose concentration (before several met-
abolic and medical complications occur) could better 
define the role that hyperglycemia plays in the outcome 
of patients with SAH, particularly in those with ruptured 
aneurysms, after controlling for several factors known 
to affect the outcome in this condition. 

Although in-hospital hyperglycemia has been accepted 
as a well-characterized contributing poor prognostic and 
death predictor in the neurosurgical critically ill patients, 
the role of admission glucose levels is not well described 
in aSAH, remaining poorly characterized in multivariate 
models of representative population samples13,17-19.

The relationship between hyperglycemia and poor 
outcomes has been well described in ischemic stroke 

and is associated with infarct expansion, worse 
functional outcome, increased length of hospital stay, 
and death19-21. Multiple pathophysiological pathways 
including vascular inflammatory reactions and free rad-
ical production lead to cell death and loss of viable 
brain tissue after stroke22-24. Vasospasm, one of the 
most feared complications in aSAH related to delayed 
ischemia and infarction, is present in up to 20% of 
patients25,26.

 Recent studies have demonstrated that elevated 
blood glucose causes dysregulation of certain enzymes 
including endothelial nitric oxide (NO) synthase and 
induced NO synthase. The resulting endothelial dam-
age promotes NO depletion and contributes to second-
ary vasospasm27. Despite several studies describing 
the occurrence of hyperglycemia and negative out-
comes in aSAH, the association of admission glucose 
with in-hospital mortality has not been described yet. 
Our study is the first of its kind in Mexican population 
to test this hypothesis2-5,7,12,14-20,24,25,28-31.

In our study, we found that the blood glucose levels 
at admission yield important information on mortality 
and prognosis. There are several useful scores avail-
able that include clinical and radiological information 
(Hunt-Hess score and Fisher score) which are routinely 
used as a prognostic tool, but none of them include 
admission glucose levels. Glucose testing is cheap, 
readily available, and routinely performed in all centers. 
Based on these results and the available literature, 
hyperglycemia should be one of the most critical man-
agement targets in patients with aSAH. Regarding the 
actual evidence, glucose control might help prevent 
vasospasm and subsequently brain infarct and other 
in-hospital complications that contribute to the currently 
poor outcome of this disease32. Early detection and 
management of hyperglycemia in patients with aSAH 
should be a primary target in the management of these 
patients in an effort to improve clinical outcomes.

Conclusions

Hyperglycemia is an important independent risk fac-
tor associated with in-hospital mortality and adverse 
prognosis after aSAH. More prospective controlled 
studies are required to support these results and de-
termine how glucose control might affect mortality and 
functional prognosis in patients with aSAH. The main 
limitation of this study is the lack of control of confound-
ing factors as the diabetes mellitus disease control 
status and medication in patients with this diagnosis.

Figure  1. Kaplan–Meier cumulative survival curves in 
patients with aneurysmal subarachnoid hemorrhage with 
or without hyperglycemia.

Table 2. Multivariate analysis on factors predicting 
in-hospital mortality after aSAH: binary logistic 
regression model

Variable Multivariate odds 
ratios (95% CI)

p value

Glycemia > 8.3 mmol/l ( > 150 mg/dl) 2.98 (1.12-7.96) 0.03

Hunt-Hess > 2 3.80 (1.43-10.06) 0.007

aSAH: aneurysmal subarachnoid hemorrhage; CI: confidence interval.
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