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Abstract
It has recently emerged the concept of Bobesity paradox,^ a term used to describe the unexpected improved prognosis and lower
mortality rates found in several diseases in patients with higher body weight. Concerning stroke, few clinical studies have
assessed this obesity paradox showing contradictory results. Therefore, our aim was to compare clinical evolution and inflam-
matory balance of obese and non-obese patients after ischemic stroke. We designed a prospective case-control study in patients
with acute ischemic stroke categorized into obese (body mass index, BMI ≥ 30 kg/m2) and non-obese (BMI < 30 kg/m2). We
compared clinical, anthropometric, radiological, and laboratory variables. The main outcome variable was the functional out-
come at 3 months. We included 98 patients (48 non-obese and 50 obese). No differences in functional outcome at 3 months were
found (p = 0.882) although a tendency of a greater recovery on neurological impairments was seen in obese subjects. Importantly,
obese patients (p = 0.007) and patients who experienced poor outcome (p = 0.006) exhibited a higher reduction in body weight at
3 months after stroke. Moreover, pro-inflammatory IL-6 levels (p = 0.002) were higher in the obese group. However, IL-6 levels
decreased over the first week in obese while increased in non-obese. On the contrary, levels of the anti-inflammatory IL-10 rose
over the first week in obese patients, whereas remained stable in non-obese. In summary, despite exhibiting several factors
associated with poor outcome, obese patients do not evolve worse than non-obese after ischemic stroke. Obesity may counter-
balance the inflammatory reaction through an anti-inflammatory stream enhanced in the first moments of stroke.
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Introduction

Obesity is a rising public health problem that has reached
pandemic proportions in the last decades [1]. It has tradition-
ally been considered an indicator of poor health. However, it
has recently emerged the concept of Bobesity paradox,^ a term
used to describe the unexpected improved prognosis and low-
er mortality rates found in several diseases in patients with
higher body weight [2–7]. Concerning stroke, few clinical
studies have assessed this obesity paradox showing contradic-
tory results [8–12]. Therefore, whether this obesity paradox
actually exists is unclear and very little data is known on
potential mechanisms that could explain such association. In
this respect, inflammation could be an issue of special impor-
tance. Obesity generates a low-grade inflammatory response
known as Bmetainflammation^ [13], where immune cells, cy-
tokines, chemokines, or adipokines are involved. This im-
mune activation might exert a determinant role since elements
of both innate and adaptive immunity participate in all phases
of the ischemic cascade during stroke [14]. The way obesity
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influences the inflammatory response in ischemic stroke is not
known and might provide answers on how excess body
weight affects the outcome. In this sense, we hypothesize that
obese patients counteract their morbidity through the in-
creased expression of anti-inflammatory cytokines. To evalu-
ate this, we compared the functional outcome and the pro- and
anti-inflammatory cytokines expression in obese and non-
obese patients with ischemic stroke.

Materials and Methods

Study Design and Patients’ Characteristics

We performed a prospective case-control study in patients
with a first-ever ischemic stroke within 24 h from symptom
onset. Patients were admitted to the Stroke Unit of a single
center from January 2014 to September 2016. Participants
were categorized into two groups: (a) cases, obese patients,
subjects with a body mass index (BMI) ≥ 30 kg/m2; and (b)
controls, non-obese patients, subjects with a BMI ≤30 kg/m2.
The inclusion was consecutive with a 1:1 proportion. The
exclusion criteria were as follows: previous disability (defined
as the modified Rankin scale score (mRS) ≥ 2), chronic in-
flammatory disease, cancer, severe systemic disease which
determines a life expectancy lower than 6 months, infectious
disease in the last 15 days, and continuous anti-inflammatory
drugs intake in the last 15 days.

Standard Protocol Approvals, Registrations,
and Patient Consents

This research was carried out in accordance with the Declaration
of Helsinki of the World Medical Association (2008) and ap-
proved by the Ethics Committee of the ServizoGalego de Saúde.
Informed consent was obtained from all individual participants
included in the study. If patients were not able to sign, relatives
gave signed informed consent.

Clinical Variables

All patients were admitted to an acute Stroke Unit and
treated according to the European Stroke Organization
and the Spanish Neurological Society guidelines [15,
16]. The patients were evaluated during hospital stay
and at 3 months after stroke onset. In accordance with
the protocol of our Stroke Unit, every patient with ali-
mentation difficulties was evaluated and followed by the
Nutrition Unit from Endocrinology Department to main-
tain and adequate nutritional status during their stay at
Hospital and at discharge. We collected demographic
variables, previous medical history, vital signs, anthro-
pometric variables, presence of infections during

hospitalization, severity of neurological impairments,
and functional disability. Axillary temperature was reg-
istered every 6 h during the first 48 h with a monitoring
probe. Height and basal body weight (dressed with un-
derwear or completely nude) were measured during hos-
pitalization if patient was able to stand upright; if not,
were obtained from Primary Care registries; if not pres-
ent, the patient or his family were asked for it; if not
known, were estimated using the Chumlea et al. [17,
18] formulas for men and women based in body mea-
surements. Body weight was also recorded at 3 months after
stroke. BMI was calculated according to the formula, weight
(kg)/height (m2), and classified according to World Health
Organization cut-off points [19]. Stroke subtype was classified
according to the TOASTcriteria [20]. To assess the severity of
neurological impairments and the functional disability, the
NIH Stroke Scale (NIHSS) and the mRS were respectively
measured on admission, at discharge, and at 3 months of
follow-up by a certified neurologist.

Neuroimaging Variables

Brain CT studies were performed at admission and between
4th to 7th day. We registered the presence of hemorrhagic
transformation and infarct volumes in 4th- to 7th-day fol-
low-up CT. Lesion volume was calculated by using the for-
mula 0.5 × A × B × C, where A and B represent the largest
perpendicular diameters and C the thickness of the cut [21].
The same neurologist, blinded to clinical or laboratory results,
evaluated all neuroimaging tests.

Laboratory Test

Blood samples for routine laboratory tests were extracted on
admission and were assessed in the central laboratory of the
hospital. For the molecular determinations, venous blood sam-
ples were collected in Vacutainer tubes (Becton Dickinson,
San Jose, CA, USA) at admission, 72 ± 24 h and 7 ± 1 days
from stroke onset. After allowing to clot for 60 min, the blood
samples were centrifuged at 3000g for 10 min, and the serum
was immediately aliquoted, frozen, and stored at − 80 °C until
analysis. With the aim to assess the inflammatory profile, we
analyzed the serum levels of the pro-inflammatory cytokine
IL-6 and the anti-inflammatory cytokine IL-10. We selected
these cytokines because their role in ischemic stroke has been
widely studied and is known in depth [22–25], in addition to
being markers with which we have an extensive experience in
our laboratory [26–31]. Cytokines determinations were per-
formed by using the immunodiagnostic IMMULITE 1000
System (Siemens Healthcare Global, Los Angeles, CA,
USA). The intra-assay and inter-assay coefficients of variation
were < 5%. Determinations were performed in a laboratory
blinded to clinical and neuroimaging data.
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Outcome Variables

The first primary endpoint was the functional outcome at
3 months, dichotomized into good outcome (mRS ≤ 2) and poor
outcome (mRS> 2). The second primary objective was to deter-
mine the inflammatory balance in obese and non-obese ischemic
stroke patients and its influence in the functional outcome. With
this aim, after the analysis of the serum levels of IL-6 and IL-10,
we defined an index named as Banti/pro-inflammatory index^ in
every patient on admission, at 72 h and at 7th day, according to
the following formula: the decile of IL-10 divided by the decile
of IL-6.

Among the secondary objectives, we analyzed the clinical
improvement at 3 months defined as follows: NIHSS on admis-
sion minus NIHSS at 3 months, divided by NIHSS on admis-
sion, and multiplied by 100. If the patient was dead at 3 months
after stroke, a clinical improvement of − 100% was established.
In addition, the body weight evolution after stroke and its influ-
ence in functional outcome were also assessed. We defined the
body weight difference at 3 months as basal body weight minus
bodyweight at 3months after stroke. Finally, since hyperthermia
is one of the most potent predictors of poor outcome in acute
ischemic stroke [32], we also decided to compare axillary tem-
peratures between obese and non-obese patients in the acute
phase and their role in prognosis depending on BMI. For this
analysis, we selected the mean temperature over the first 48 h,
baseline temperature, maximum temperature within the first
24 h, maximum temperature within 24 to 48 h, and hyperthermia
within the first 24 h (defined by an axillary temperature higher
than 37.5 °C) as variables.

Statistical Analysis

The statistical analysis was conducted by an investigator who
was blinded to the randomization using IBM®SPSS® statistics
version 20 for Mac (SPSS Inc. Chicago, IL, USA). Results were
expressed as percentages for categorical variables. To identify
the continuous variables that followed a normal distribution,
the Kolmogorov-Smirnov test was used. The continuous vari-
ables with normal distributionwere expressed asmean (SD), and
those variables not normally distributed were expressed as me-
dian [quartiles]. Proportions between groups were compared by
chi-square test. Student’s t test was used to compare continuous
variables with normal distribution between two groups. In case
of variables with non-normal distribution, the Mann-Whitney U
test was used to compare the two groups. The influence of the
anti/pro-inflammatory index, body weight evolution, and body
temperature on functional outcome was evaluated using logistic
regression analysis. The results were expressed as adjusted odds
ratios (OR) with the corresponding 95% confidence intervals
(95% CI). To analyze the association between body weight evo-
lution and neurological impairments assessed by NIHSS, the

Pearson correlation coefficient (r) was performed. Values of
p < 0.05 were considered to be statistically significant in all tests.

Results

Descriptive Analysis of the Sample

A total of 616 patients with a first-ever ischemic stroke
within 24 h from symptom onset were evaluated.
According to previously established exclusion criteria
and the consecutive character of the inclusion, 516 pa-
tients were excluded. After the initial inclusion, two
patients in the control group were later excluded at the
request of their families, leaving 98 patients who qual-
ified for the study (women 45.9%; mean age 69.3 ±
14.6 years), 48 non-obese and 50 obese. Body weight
and height were obtained from direct measures during
hospitalization in 62 patients (63.3%), 31 non-obese
(64.6%) and 31 obese (62%) subjects; in the rest of
patients, previously detailed methods were necessary.

Baseline characteristics were comparable among
groups (Table 1). No significant differences were ob-
served with respect to age, gender, previous functional
disability, severity of neurological impairments at admis-
sion, recanalization treatment, etiology of stroke, or in-
farct volume. Regarding medical history variables, the
most noticeable finding was that atrial fibrillation was
more frequent in the obese group (46% vs. 22.9%, p =
0.016). Concerning the routine laboratory inflammatory
markers, we found that leukocyte count (10.4 ± 2.1 × 103

vs. 8.1 ± 2.9 × 103/mL, p < 0.001) and fibrinogen (461.5
± 86.9 vs. 405.9 ± 89.8 mg/dL, p = 0.005) were higher in
obese patients. During hospitalization, the obese group
showed a trend to suffer more infections (28.0% vs.
16.7%, p = 0.179) and a significant higher risk for hem-
orrhagic transformations (30.0% vs. 12.5%, p = 0.035).

Primary Endpoint: Functional Outcome at 3 Months

Two patients were lost to follow-up for functional outcome
assessment at 3 months. The results did not show any signif-
icant difference in good functional outcome at 3 months be-
tween obese and non-obese patients (57.1% vs. 53.2%, p =
0.697), nor in mRS scores at discharge (3 [1, 5] vs. 3 [1, 4],
p = 0.882) or at 3 months (2 [1, 3] vs. 2 [1, 4], p = 0.508)
(Fig. 1a), nor in mortality at 3 months (6.1% vs. 10.6%, p =
0.424). However, a higher proportion of obese patients who
were not able to walk unassisted (mRS ≥ 4) at discharge re-
covered their independence to walk (mRS ≤ 3) at 3 months
compared with non-obese (50.0% vs. 16.7%, p = 0.034).
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Primary Endpoint: Inflammatory Balance

To assess the inflammatory profile in both groups of patients,
we first analyzed the serum levels of IL-6 and IL-10. IL-6
levels at admission were significantly lower in non-obese
compared with obese patients (10.4 ± 9.3 vs. 14.1 ± 6.7 pg/
mL, p = 0.002), no significant differences were found at 72 h
(12.9 ± 16.4 vs. 12.2 ± 8.1 pg/mL, p = 0.394), and a non-

significant trend towards higher levels at 7th day was ob-
served in non-obese ones (15.2 ± 14.8 vs. 10.9 ± 5.2 pg/mL,
p = 0.115) (Fig. 2a). Importantly, at 72 h and at 7th day, the
levels of IL-6 increased in non-obese while decreased in
obese. On the other side, levels of IL-10 were significantly
lower in non-obese compared with obese individuals at the
three sampling moments, and raised over the first week in this
latter group (Fig. 2b) (at admission 2.6 ± 1.4 vs. 7.1 ± 2.1 pg/

Table 1 Baseline clinical
characteristics, vascular risk
factors, stroke subtype,
biochemical parameters, and
neuroimaging findings in obese
and non-obese patients

Non-obese

n = 48

Obese

n = 50

p

Age (years) 70.1 ± 15.3 69.5 ± 14.2 0.834

Gender (women, %) 41.7 50.0 0.408

Height (m) 1.59 ± 0.08 1.61 ± 0.10 0.417

Weight (kg) 65.0 ± 9.4 88.7 ± 14.1 < 0.001

BMI (kg/m2) 25.4 ± 2.5 34.1 ± 3.6 < 0.001

History of hypertension (%) 47.9 56.0 0.423

History of diabetes mellitus (%) 31.2 26.0 0.565

History of dyslipidemia (%) 37.5 50.0 0.213

History of atrial fibrillation (%) 22.9 46.0 0.016

History of peripheral artery disease (%) 2.1 4.0 0.582

History of ischemic heart disease (%) 12.5 8.0 0.462

History of obstructive sleep apnea (%) 2.1 12.0 0.057

History of smoking (%) 29.2 16.0 0.118

History of excessive alcohol consumption (%) 14.6 14.0 0.934

Previous mRS 0 [0, 1] 0 [0, 1] 0.553

Systolic blood pressure (mmHg) 154.5 ± 24.3 149.2 ± 24.2 0.082

Diastolic blood pressure (mmHg) 81.8 ± 15.9 82.9 ± 15.2 0.831

Leukocytes (× 103/mL) 8.1 ± 2.9 10.4 ± 2.1 < 0.001

Platelets (× 103/mL) 227.7 ± 85.6 224.7 ± 71.2 0.850

Fibrinogen (mg/dL) 405.9 ± 89.8 461.5 ± 86.9 0.005

hsCRP (mg/dL) 1.6 ± 2.4 2.5 ± 2.6 0.051

Total cholesterol (mg/dL) 169.6 ± 38.0 173.6 ± 40.6 0.994

LDL-cholesterol (mg/dL) 101.2 ± 32.0 105.0 ± 36.1 0.940

Triglycerides (mg/dL) 112.6 ± 55.3 141.7 ± 79.8 0.056

Blood glucose (mg/dL) 137.1 ± 58.3 156.9 ± 72.9 0.363

HbA1c (%) 6.1 ± 1.2 6.8 ± 1.7 0.112

NIHSS on admission 8 [2, 16] 10 [3, 14] 0.101

NIHSS at 48 h 2 [0, 9] 3 [1, 12] 0.802

Intravenous fibrinolysis (%) 35.4 34 0.883

Endovascular treatment (%) 2.1 4 0.582

Etiological diagnosis (TOAST) 0.249

Atherothrombotic (%) 14.6 4.0

Cardioembolic (%) 31.2 46.0

Lacunar (%) 10.4 8.0

Undetermined (%) 43.8 40.0

Others 0 2.0

Infections during hospitalization (%) 16.7 28.0 0.179

Infarct volume 4th–7th day (cm3) 61.4 ± 103.4 61.5 ± 104.7 0.994

Hemorrhagic transformation (%) 12.5 30 0.035
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mL, p < 0.0001; at 72 h 2.1 ± 0.9 vs. 7.8 ± 2.1 pg/mL,
p < 0.0001; at 7th day 2.3 ± 1.1 vs. 8.4 ± 1.6 pg/mL,
p < 0.0001).

To determine the balance between cytokines, the previous-
ly defined anti/pro-inflammatory index was used. The analysis
showed that the values of this index were higher in obese
compared with non-obese patients at 72 h (2.0 ± 1.7 vs. 0.8
± 0.4, p < 0.0001) and at 7th day (2.0 ± 0.9 vs. 1.0 ± 1.0, p =
0.001) but not at admission (1.3 ± 0.5 vs. 1.1 ± 0.9, p = 0.203)
(Fig. 3a). We also analyzed the association of this anti/pro-
inflammatory index with functional outcome at 3 months
showing significant higher values at admission in those pa-
tients who had good outcome, but not at 72 h or at day 7 (at
admission 1.3 ± 0.8 vs. 1.0 ± 0.6, p = 0.037; at 72 h 1.7 ± 1.6
vs. 1.2 ± 1.3, p = 0.122; at 7th day 1.6 ± 1.1 vs. 1.3 ± 1.1, p =
0.295) (Fig. 3b).

Finally, in the logistic regression analysis, only the
anti/pro-inflammatory index at 72 h (OR 0.03; 95% CI
0.01–0.09) was independently associated with good function-
al outcome at 3 months and just for obese patients in the non-
adjusted analysis (Table 2).

Secondary Endpoints

With respect to clinical improvement, three patients were lost
to follow-up for NIHSS assessment at 3 months. Clinical im-
provement at 3 months showed a trend to be higher in obese
patients (62.4 ± 54.1% vs.41.4 ± 79.6%, p = 0.141) (Fig. 1b).

For the analysis of the evolution of body weight after
stroke, 19 patients were lost to follow-up. After 3 months,
there was a reduction in body weight in both groups, which
was higher in obese compared with non-obese patients (5.7 ±
9.1 vs. 0.9 ± 5.6 kg, p = 0.007). Importantly, we also found
that reductions in body weight were statistically higher in
the poor outcome group at 3 months (6.8 ± 9.1% vs. 1.7 ±
6.7%, p = 0.006). When performing this analysis in non-
obese and obese patients separately, we found that the loss
was significantly higher in the bad outcome group but only
for obese patients (table shown in Online Resource 1).
Therefore, the next step was to assess the prognostic value
of the reduction in body weight through a logistic regression
model. In obese patients, the non-adjusted model showed that
reductions in body weight were significantly associated with

Fig. 1 a Comparison in mRS at
3 months between non-obese and
obese patients, showing no
significant difference in good
functional outcome (mRS ≤ 2) at
3 months (p = 0.508).
b Comparison in clinical
improvement (% of NIHSS) at
3 months between non-obese and
obese patients, showing a trend to
be higher in obese patients
(p = 0.141)

Transl. Stroke Res. (2019) 10:639–649 643



Fig. 3 a Temporal profile
(admission 72 h and day 7) of
anti/pro-inflammatory index in
obese and non-obese, showing
higher values of this index in
obese compared with non-obese
patients at 72 h (2.0 ± 1.7 vs. 0.8
± 0.4, p < 0.0001) and at 7th day
(2.0 ± 0.9 vs. 1.0 ± 1.0, p = 0.001)
but not at admission (1.3 ± 0.5 vs.
1.1 ± 0.9, p = 0.203). b Temporal
profile (admission 72 h and day 7)
of anti/pro-inflammatory index
regarding patient outcome at
3 months, showing significant
higher values at admission in
those patients who had good out-
come, but not at 72 h or at day 7
(at admission 1.3 ± 0.8 vs. 1.0 ±
0.6, p = 0.037; at 72 h 1.7 ± 1.6
vs. 1.2 ± 1.3, p = 0.122; at 7th day
1.6 ± 1.1 vs. 1.3 ± 1.1, p = 0.295)

Fig. 2 Temporal profile of IL-6 (a) and IL-10 (b) in obese and non-obese
ischemic stroke patients. a IL-6 levels at admission were significantly
lower in non-obese compared with obese patients (10.4 ± 9.3 vs. 14.1 ±
6.7 pg/mL, p = 0.002), no significant differences were found at 72 h (12.9
± 16.4 vs. 12.2 ± 8.1 pg/mL, p = 0.394), and a non-significant trend
towards higher levels at 7th day was observed in non-obese ones (15.2
± 14.8 vs. 10.9 ± 5.2 pg/mL, p = 0.115). Importantly, at 72 h and at 7th

day, the levels of IL-6 increased in non-obese while decreased in obese. b
Levels of IL-10 were significantly lower in non-obese compared with
obese individuals at the three sampling moments, and raised over the first
week in the obese group (at admission 2.6 ± 1.4 vs. 7.1 ± 2.1 pg/mL,
p < 0.0001; at 72 h 2.1 ± 0.9 vs. 7.8 ± 2.1 pg/mL, p < 0.0001; at 7th day
2.3 ± 1.1 vs. 8.4 ± 1.6 pg/mL, p < 0.0001)

Transl. Stroke Res. (2019) 10:639–649644



poor outcome at 3 months (OR 1.12; 95% CI 1.02–1.22). By
contrast, no significant associations were found for non-obese
patients (OR 1.04; 95% CI 0.92–1.18). Finally, to analyze the
influence of the severity of neurological impairments, we ad-
justed the model by the NIHSS at 48 h (as it represents a
reliable marker of the actual stabilized neurological deficit
after the hyperacute phase), and the association disappeared
(adjusted OR 0.95; 95% CI 0.83–1.09).

Moreover, we analyzed the influence of body weight in
body temperature during the acute phase of stroke. Firstly,
we found that mean temperatures were significantly higher
in obese patients during the first 48 h (36.5 ± 0.4 vs. 36.3 ±
0.4 °C, p = 0.027) (Fig. 4). Baseline axillary temperature (36.0
[35.6–36.0] vs. 35.7 [35.2–36.0]°C, p = 0.033) and maximum
temperature within the first 24 h (37.0 ± 0.6 vs. 36.7 ± 0.6 °C,
p = 0.016) were also higher in obese patients, although no

significant differences were found in the maximum tempera-
ture within 24 to 48 h (37.4 ± 0.6 vs. 36.8 ± 0.6 °C, p = 0.233)
and in the percentage of patients who experience hyperthermia
within the first 24 h (28% vs. 12.5%, p = 0.057). To assess the
prognostic value of temperature in both groups, a non-
adjusted logistic regression analysis was performed. Themean
temperature within the first 48 h (obese patients OR 12.04;
95% CI 2.04–71.03; non-obese patients OR 22.6; 95% CI
3.18–160.94) and maximum temperature during the first
24 h (obese patients OR 2.94; 95% CI 1.06–8.20; non-obese
patients OR 6.78; 95% CI 1.82–25.23) were independently
associated to poor outcome in both groups of patients, al-
though greater significant associations were found for non-
obese ones. No significant associations were found for base-
line temperature in both groups (obese patients OR 1.87; 95%
CI 0.52–6.76; non-obese patients OR 1.57; 95% CI 0.55–

Table 2 Non-adjusted and adjusted OR of poor outcome at 3 months (mRS > 2) for anti/pro-inflammatory index in non-obese and obese patients.
Dependent variable is the poor outcome at 3 months

Variables Non-obese Obese

OR* 95% CI p OR** 95% CI p OR* 95% CI p OR** 95% CI p

Anti/pro-inflammatory index on admission 0.54 0.24–1.21 0.134 – – – 0.41 0.11–1.51 0.179 – – –

Anti/pro-inflammatory index at 72 h 0.89 0.61–1.19 0.079 – – – 0.03 0.01–0.09 0.009 0.38 0.14–1.00 0.068

Anti/pro-inflammatory index at day 7 0.73 0.31–1.75 0.268 – – – 0.53 0.20–1.41 0.491 – – –

*Not adjusted

**Adjusted by atrial fibrillation (cat), leucocytes, fibrinogen, and hemorrhagic transformation (cat)

Fig. 4 Mean body temperatures
within 48 h from inclusion in
obese and non-obese ischemic
stroke patients showing that mean
temperatures were significantly
higher in obese patients during the
first 48 h (36.5 ± 0.4 vs.
36.3 ± 0.4 °C, p = 0.027)
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4.52). Finally, we conducted a multivariate analysis adjusted
by the presence of infections during hospitalization which
showed that mean temperature within the first 48 h was inde-
pendently associated with poor outcome in both groups (obese
patients OR 9.85; 95% CI 1.48–65.57; non-obese patients OR
11.02; 95% CI 1.30–93.44). However, for maximum temper-
ature during the first 24 h, the association remained significant
only in non-obese patients (obese patients OR 2.36; 95% CI
0.80–7.02; non-obese patients OR 7.62; 95% CI 1.42–40.96).

Discussion

In this prospective study, even though they have several fac-
tors strongly associated with poor outcome (higher serum
levels of inflammation markers at admission, a higher body
temperature in the acute phase, a higher proportion of atrial
fibrillation, and an increased frequency of hemorrhagic trans-
formations), obese patients do not evolve worse than non-
obese. In fact, there was a trend in favor of a greater recovery
of neurological impairments and a significant improvement of
disability in obese subjects. To the best of our knowledge, our
study is the first to analyze and show that trend by using a
scale specifically designed for this neurological deficit evalu-
ation (NIHSS). A key consideration is that, contrary to previ-
ously proposed justifications [12, 33], these differences in
neurological improvement are not justified by the severity of
stroke on admission or by the age of the patients, since the
median NIHSS on admission, the mean infarct volumes, and
the mean age were similar for obese and non-obese patients in
our sample. Another justification for the obesity paradox sub-
scribed by some authors [12, 34] was that obese subjects show
a higher relative proportion of lacunar strokes, which are typ-
ically associated with a better prognosis than cardioembolic
strokes. Such hypothesis is discarded with present results as
obese subjects showed not only a similar percentage of lacu-
nar strokes than non-obese ones but also a non-significant
higher proportion of cardioembolic strokes. This could be
explained by the presence of a higher proportion of atrial
fibrillation in that group of patients, which agrees with recent
literature [35].

Interestingly, obese ischemic stroke patients had significantly
more hemorrhagic transformations than non-obese. Although
Kim et al. [36] found that the risk of hemorrhagic transformation
decreased significantly with obesity, our finding is in line with
that previously observed in animal models [37], which suggests
that obesity intensifies inflammatory damage of cerebral micro-
vasculature. As wewill discuss next, obese patients may develop
a more intense inflammatory response in the first moments after
stroke onset, so it is very likely that such response will contribute
to the blood-brain barrier damage resulting in an increased risk of
hemorrhagic transformation.

Laboratory findings suggest that inflammation could play a
key role in the evolution of obese patients with ischemic
stroke. Excessive white adipose tissue results in a chronic
systemic elevation of acute phase reactants and pro-
inflammatory cytokines [13, 38, 39]. Accordingly, some ex-
perimental studies have previously shown that post-stroke pe-
ripheral immune response is increased in obesity models [40].
In this line, we found higher levels of leukocytes, fibrinogen,
hsCRP, and IL-6 in blood samples of obese patients compared
with non-obese on admission, which suggests the presence of
a more powerful inflammatory response in this group of pa-
tients during the very first moments of the acute phase of
stroke. In addition, many studies have shown that the release
of pro-inflammatory cues has potentially harmful effects that
contribute to tissue damage and negatively influence post-
stroke outcome [22, 23, 41–44]. Thus, it could be expected a
negative influence in the evolution and outcome of obese pa-
tients; however, our data show the opposite. We propose that
obese subjects, chronically exposed to low-grade inflamma-
tion, exhibit a certain tolerance and counterbalance the inflam-
matory response and, to some extent, the harmful action of
pro-inflammatory cues in acute ischemic stroke. The temporal
profile of cytokines IL-6 and IL-10, pro-inflammatory and
anti-inflammatory, respectively, supports such hypothesis.
Even though obese patients exhibited higher serum levels of
IL-6 at the hyperacute phase of stroke, over the following
7 days, they decreased at the same time as the levels of IL-
10 increased, phenomenon not observed in non-obese ones.
The values of the anti/pro-inflammatory index, which relates
serum levels of both cytokines and which could represent the
Bbattle^ that takes place between both antagonistic responses,
were higher in obese patients, and logistic regression models
showed their influence in prognosis in this group of patients.
All this suggests that during the first week after stroke, an anti-
inflammatory stream which counteracts the deleterious effects
of pro-inflammatory signals is boosted in obese patients. This
may be one of the reasons why such patients do not evolve
worse and experience a higher clinical improvement despite
the fact that they probably have a more powerful baseline and
hyperacute inflammatory response.

Another interesting finding was that 3 months after stroke,
there was a reduction of body weight that was higher in obese
patients. The first and simplest explanation is that control of
vascular risk factors with diet results in a higher loss of adi-
posity in those patients who arise from more extreme situa-
tions and would showmore remarkable changes. On the other
hand, since ischemic stroke stress results in sympathetically
induced catabolic responses [45], it is likely that this response
may be higher in obese subjects due to the chronic low-grade
inflammation and a higher inflammatory reaction in the hy-
peracute phase of stroke, leading to higher lipolysis and, sub-
sequently, greater reduction in adipose tissue depots. In accor-
dance with previous studies [46–48], we also observed that
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there was a higher reduction in body weight in patients with
poor outcome. In those patients, the significant correlation
between the severity of neurological impairments (NIHSS at
48 h) and body weight reduction (r = 0.495; p < 0.0001) sug-
gests that weight loss could probably be the consequence of
prolonged immobilization or difficulties for alimentation and
malnutrition, but even sarcopenia secondary to occult diseases
or more marked catabolic/anabolic imbalance [45, 49] could
exert a role.

Our temperature analysis showed the presence of higher
temperatures in the early phases of stroke in obese patients
when compared with controls. This finding is not justified by
the higher frequency of infections in those patients. An anal-
ysis exclusively selecting those patients who did not suffer
infections showed that the trends were maintained (figure
shown in Online Resource 1). Moreover, unlike late hyper-
thermia which is related to infection, earliest hyperthermia
(the one registered in our patients) is usually associated with
a neurogenic response as a consequence of acute phase reac-
tion [32]. Our hypothesis is that the metainflammation and the
potent inflammatory response in the very early phases of
stroke of obese patients are responsible for this temperature
increase in the first hours after onset. This increased hyper-
acute inflammatory cascade with pyrogenic activity leads to
increased pro-inflammatory cytokines (IL-6 is an endogenous
pyrogen [50]) and leukocytes around the infarcted tissue, lead-
ing to hypothalamic stimulation and finally to neurogenic hy-
perthermia [51–55]. In the analysis of the prognostic value, it
seems that obese patients, despite having higher axillary tem-
peratures, they better tolerate it. Although we do not know the
exact reasons for this phenomenon and that other specific
designed studies would be necessary, we suspect that, at least
in part, the anti-inflammatory counterpart associated to this
type of patients could be involved, as levels of the pyrogen
IL-6 decrease over the first week.

We must recognize some limitations. The main one is that,
despite this was a prospective study in which the leading char-
acteristics of both groups were comparable, the size of the
sample was small. Another limitation is the use of BMI to
assess excess body fat and to classify patients, since this index
does not distinguish between weight associated with muscle
or with fat [19] and is dependent on age and sex [55]. In
addition, we did not register aspects such as immobilization,
alimentation difficulties, or nutritional status which might
have provided more data to explain the variations in body
weight. However, as we previously mentioned, every patient
with alimentation difficulties was evaluated and followed by
the Nutrition Unit from the Endocrinology Department to
maintain and adequate nutritional status during their stay at
the Hospital and at discharge. On the other hand, to assess the
inflammatory balance we employed an index that relates IL-6
and IL-10 levels, which has not been previously validated, and
we do not discard that the use of other cytokines or even a

combination of some of them would have been more useful or
precise. However, the results showed a clear trend to better
recovery for obese ischemic stroke patients that should be
confirmed in further larger clinical studies.

In the present work, we have tried to elucidate new insights
regarding the potential connection between obesity and ische-
mic stroke, two major global health problems with severe
economic and clinical consequences. In summary, we have
shown that, despite exhibiting several factors associated with
poor prognosis, obese patients do not evolve worse than non-
obese after ischemic stroke but seem to experience a greater
recovery of neurological impairments. We postulate that obe-
sity can counterbalance the inflammatory reaction responsible
for the deleterious effects of the mentioned factors of poor
prognosis, through an anti-inflammatory stream enhanced in
the first moments of stroke.
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