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Background: Nutritional status may influence outcome after stroke. It is possible
that some obese individuals present reduced fat-free mass. Aims: We aimed to de-
termine if bedside evaluation of body composition by the body mass index (BMI),
adductor pollicis muscle thickness (APMT) and arm muscle area (AMA), and the
combination of low APMT or AMA with obesity are associated with disability 90
days after stroke. Methods: A cohort study evaluating 120 patients hospitalized at
the Stroke Unit was carried out. Data were expressed as average ± standard devi-
ation or median and percentiles. Obesity was evaluated by BMI and fat-free mass
by the APMT and AMA. Receiver operating characteristic (ROC) curves and mul-
tivariate logistic regression analysis were used to measure whether APMT and obesity
were associated with modified Rankin Scale (mRS) ≥3 (disability) within 90 days
of stroke. The data were adjusted for National Institutes of Health Stroke Scale (NIHSS),
sex, age, type of stroke, and thrombolysis. The significance level was 5%. Results:
Of 120 patients, we came up with the following demographics: men: 66 (55.0%);
mean age: 66.6 ± 13.2 years; ischemic stroke: 109 (90.8%); mean NIHSS: 4 (2-10);
thrombolysis: 18 (16.5%). Considering mRS ≥3, ROC curve analysis showed that
the value of the cutoff for APMT was <12.5 mm. In multivariate analysis adjusted
for the above factors, each 1 mm of increase in APTM reduced the chance of dis-
ability by 31%. The intersection of obesity with APMT <12.5 mm increased by 37-
fold the risk of disability. AMA was not associated with mRS ≥3. Conclusion: Lower
APMT alone or in combination with obesity was associated with poor functional
status. Key Words: Stroke—nutritional assessment—obesity—disability evaluation.
© 2018 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

Stroke is a public health problem of the first order: it
is the third leading cause of death in developed coun-
tries, behind cancer and heart diseases.1 Approximately
80% of all strokes are ischemic (due to occlusion of a vessel)
and others are hemorrhagic.2 Stroke is considered the most
disabling disease in adult life.3 Long-term disability is the
most common complication after stroke.4

After the diagnosis of stroke, many scales are used, in
clinical practice and trials, to objectively measure the defi-
cits, severity, and prognosis after stroke. For instance, the
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National Institutes of Health Stroke Scale (NIHSS) is a
quantitative scale of stroke-related neurological deficit that
was developed for prospective clinical research5 and is
useful to indicate disease severity and functional status.
Another tool, the modified Rankin Scale (mRS) is used
to assess functional outcome after stroke. The mRS score
ranges from 0 to 6, and the higher the value, the worse
the prognosis. Scores from 0 to 2 imply none to low dis-
ability and no need for assistance to perform daily activities.
Scores from 3 to 5 entail moderate to severe disabilities.
Importantly, death is classified as a score of 6.6

Independently of the variables considered in severity
and functional indexes, nutritional status has been in-
vestigated as an important factor with an impact on
outcome after stroke. One example is obesity, which has
reached epidemiological proportions in the last years and
has been considered a risk factor for stroke.7 Nonethe-
less, some studies have shown that overweight and obese
patients have a better functional status and lower mor-
tality when compared with normal-weight or underweight
people after stroke. The unexpected association between
obesity and mortality has been described as the “obesity
paradox.”8,9

On the other hand, undernourished patients have the
worst prognosis after stroke when compared with normal,
overweight, and obese patients. In fact, undernourished
patients are more susceptible to infections, ulcers sores,
muscle weakness, and mortality.10 Certainly, the problem
of malnutrition is more evident and studied over the course
of stroke. Stroke location, fatigue, motor impairment,
visuospatial perceptual, depression, dysphagia, inflam-
mation, anorexia, and cognitive deficits are all factors
implicated in the development of malnutrition and dis-
ability after stroke.11 However, the prevalence of
malnutrition at admission, which reflects nutritional status
previously to stroke, varies between 8% and 40%. Much
of this variation may be attributed to different defini-
tions of malnutrition and methods of assessment.10

In general, body composition and the diagnosis of obesity
or underweight are evaluated by body mass index (BMI).
However, this measure assesses only 1 body compart-
ment. Thus, it is possible that patients with increased BMI
may show a reduction in muscle mass. In fact, a recent
study using dual-energy X-ray absorptiometry (DXA)
showed that low muscle mass/low fat mass and low
muscle mass/high fat mass had higher mortality than
high muscle mass/low fat mass and high muscle mass/
high fat mass.9

DXA is considered one of the gold standard methods
for assessing muscle mass, bone mass, and fat mass.
However, its cost is high, and it is not readily available
in most services. Indeed, it is interesting to evaluate the
role of simple anthropometric measurement methods to
explain the functional capacity and death of patients after
stroke. In this setting, adductor pollicis muscle thick-
ness (APMT) and arm muscle area (AMA) are possible

tools to estimate muscle mass. Moreover, the adductor
pollicis is the only muscle that can be directly measured.12

Considering these risk factors for disability and death,
the role of nutritional status at the admission of pa-
tients who have suffered stroke remains to be elucidated.
The assessment of body composition in stroke patients
is not easy.13 Thereby, the hypothesis of the present study
is that abnormalities in anthropometric measures may be
associated with disabilities 3 months after stroke. This
study aims to evaluate if bedside muscle-mass assess-
ment, measured by the APMT and AMA, obesity, and
the association of low muscle mass with obesity, are related
with poor functional status and mortality, 90 days after
stroke, in patients admitted to a Stroke Unit.

Methods

Setting, Participants, and Study Design

This cohort study was approved by the Ethics Com-
mittee of the Botucatu Medical School. One hundred twenty
consecutive patients over 18 years old admitted to the
Stroke Unit with ischemic or hemorrhagic stroke were
evaluated between April and December 2014. The ex-
clusion criterion was the presence of neurological disease
other than stroke. All patients were treated per specific
protocols depending on the type of stroke.

Upon admission, demographic characteristics, stroke type
and severity, and the percentage undergoing thromboly-
sis, were recorded. Stroke type (ischemic or hemorrhagic)
was diagnosed according to magnetic resonance imaging
or a computed tomography scan of the brain. Patients
with ischemic stroke who met the required criteria were
submitted to intravenous thrombolysis. Nutritional eval-
uation, including BMI, APMT, and AMA, were performed
within the first 36 hours of admission, after clinical sta-
bilization. All patients were followed for 90 days after
hospital discharge. Functional outcome at 90 days was
determined using the mRS.

Measurement of Severity and Functional Indexes

The NIHSS index was calculated as previously reported5

at admission, and this was the parameter used to define
stroke severity. The mRS index was calculated as previ-
ously described,6 90 days after stroke, and this was the
parameter used to define disability, low functional ca-
pacity (mRS 3-5), and mortality (mRS 6).

Anthropometric Measurements

Body Mass Index

Body weight was measured with a Filizola balance. Pa-
tients who were bed-restricted had their weight and height
estimated by using the measurement of mid-arm circum-
ference (MAC) and knee height, as described in References
14,15 to compose the Chumlea (1988) and Blackburn (1979)
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formula, as previously described.13,16 BMI was
calculated according to the Quetelet equation
(BMI = weight/height2).17 Obesity was considered a BMI
≥30 kg/m2 and underweight was considered a BMI
<18.4 kg/m2 for adults and <23 kg/m2 for the elderly.18,19

Circumferences and Skinfold

MAC was obtained using a measuring tape, as previ-
ously described. Triceps skinfold (TSF) was measured by
using a Lange skinfold caliper (Beta Technology, Santa
Cruz, CA), as previously described.20 AMA were evalu-
ated using the respective formula: AMA
(cm2) = [MAC − (π × TSF)2/4π] and to adjust for the area
of the bone and obtain the bone-free AMA, for men was
subtracted 10 cm2 for women was subtracted 6.5 cm2.21

The same researcher performed all measurements.

Adductor Pollicis Muscle Thickness

APMT measurement (mm) was carried out using a
Lange skinfold caliper (Beta Technology). The measure-
ments were obtained from the unaffected arm flexed on
the abdomen, with patients lying in bed. APMT was mea-
sured with the skinfold caliper in the vertex of an
imaginary triangle formed by the extension of the thumb
and index finger, under a continuous pressure of 10 g/
mm. The mean of 3 measurements was used.

Statistical Analysis

Variables were expressed as mean ± standard devia-
tion or median and percentiles. An ROC curve was drawn
to determine the cutoff value of APMT that indicates mRS
≥3. Multivariate logistic regression analysis was used to
assess whether obesity, APMT, AMA, and the concur-
rence of obesity and low APMT were associated with mRS
≥3 ninety days after the event. Logistic regressions were
adjusted by NIHSS, sex, age, type of stroke, and throm-
bolysis. These are considered known factors that influence
outcomes after stroke. The significance level accepted was
5%. Sigma Plot 12.0 (Dundas Software LLC, Germany)
was used to perform the analysis.

Results

One hundred fifty patients were assessed from April
to December 2014. Twenty-eight patients were not in-
cluded because stroke diagnosis was not confirmed by
computed tomography. Two patients did not return for
clinical evaluation. One hundred twenty subjects were
included.

The baseline demographic data showed that the mean
age was 66.6 ± 13.2 years, 66 (55%) were male, 109 (90.8%)
presented with ischemic stroke, 11 (9.2%) presented with
hemorrhagic stroke, the hospital stay was 7 ± 4 days, and
the mean NIHSS was 4.2-10 Among these patients, 18 (16%)
were subjected to thrombolysis, 37 (30.8%) presented mRS
3-5 after 90 days, and 12 patients died (10%). The base-
line anthropometric measurements showed BMI:
26.9 ± 5.1 kg/m2, APMT: 12.6 ± 4.4 mm, AMA:
38.7 ± 12.6 cm2, 32 (26.6%) patients were obese, and 17
(14.2%) patients were underweight.

In patients with mRS ≥3 after 90 days, higher NIHSS
(P < .001) and lower APMT were observed (P < .001)
(Tables 1 and 2). The ROC curve evidenced that the cutoff
point of APMT was <12.5 mm (Fig 1).

In logistic regression analysis, the lowest thickness of
APM was associated with mRS ≥3. Isolated obesity did

Table 1. Characteristics of patients during hospitalization for stroke separated by mRS evaluated 90 days after hospital discharge

mRS <3 (83) mRS ≥3 (37) P

Male gender (% n) 56.6 (47.0) 51.4 (19.0) .736
Age (y) 68.0 (57.0-72.0) 75.0 (66.0-80.0) .002
NIHSS 3 (2.0-5.0) 11.5 (7.2-17.5) <.001
Ischemic stroke (% n) 92.8 (77.0) 86.5 (32.0) .44
Hemorrhagic stroke (% n) 7.2 (6.0) 13.5 (5.0) .44
Thrombolysis (% n) 13.3 (11.0) 18.9 (7.0) .55

Abbreviations: mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.
Performed t test for age and NIHSS. Performed chi-square for type of stroke, sex, and thrombolysis. The results were expressed as mean ± stan-

dard deviation and median and percentiles.

Table 2. Association between nutritional assessment results
evaluated during hospitalization and mRS evaluated 90 days

after hospital discharge

mRS <3 (83) mRS ≥3 (37) P

BMI (kg/m2) 26.7 ± 4.6 27.5 ± 6.0 .21
Underweight (% n) 13.3 (11.0) 16.2 (6.0) .88
Obesity (% n) 25.3 (21.0) 29.7 (11.0) .77
APMT(mm) 13.7 ± 4.2 9.8 ± 3.6 <.001
AMA (cm2) 37.2 ± 11.9 41.0 ± 13.7 .14

Abbreviations: AMA, arm muscle area; APMT, adductor pollicis
muscle thickness; BMI, body mass index.

Performed t test for BMI, APMT, and AMA. Performed chi-
square for underweight and obesity. The results were expressed as
mean ± standard deviation and median and percentiles.
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not increase the risk of poor outcome, but the combina-
tion of obesity and APMT less than 12.5 mm was associated
with a 37-fold increase in the probability of a poor outcome.
The AMA was not associated with poor outcome after
stroke (Table 3).

Discussion

This study evaluated patients with ischemic and hem-
orrhagic stroke at hospital admission in the Stroke Unit
and 90 days later. In the hospital, demographic setting
and severity index were recorded. Most diagnoses were
ischemic stroke and 16.5% of them were eligible for throm-
bolysis. Nutritional evaluation was performed and showed
that the mean BMI of the subjects placed them in the
overweight category. After 90 days, the mRS index was

calculated to evaluate functional capacity and death. The
present work showed that low APMT and the concom-
itant presence of obesity and APMT less than 12.5 mm
were associated with poor outcome 90 days after stroke.
We highlight that methods used to assess body compo-
sition are simple and feasible in the Stroke Unit setting.

The assessment of functional status after stroke remains
a challenge. In our study, 30.8% of patients had some
degree of disability 90 days after stroke with mRS ≥3.
This finding is similar to those of Oliveira, who ob-
served that 30% of stoke patients become unable to walk
without assistance.4 In the present study, we observed a
10% mortality rate. This value was consistent with other
studies in stroke units, which indicated mortality from
8% to 19% in different countries.22-25

Nutritional status may influence the functional capac-
ity of patients who suffered from stroke. In our study,
we used bedside evaluation, such as APMT and AMA,
to estimate muscle mass. These anthropometric measure-
ments can be of great value to predict a possible reduction
in muscle mass. Anthropometric measurements were com-
pared with body composition measurements obtained by
bioelectrical impedance in patients with stroke, and the
authors found that anthropometric measurements, in-
cluding the APMT and arm muscle circumference, may
predict lean body mass reduction in these patients.4

Recently, it was observed that APTM has a moderate
correlation with lean body mass in healthy people, sug-
gesting that APMT may be useful and can be used in
combination with other methods.26 In surgical patients,
the measurement of APMT was significantly associated
with nutritional status.27 Regarding the possibility of using
APMT to measure muscle mass, this purpose has been
considered important to estimate prognosis. In critically
ill patients, the APMT values were associated with
mortality.28,29 In cirrhotic patients, lower amounts of APMT
were associated with higher degrees of hepatic
encephalopathy.30

In our study, we found a mean APMT value of
13.7 ± 4.2 mm in patients with mRS <3. The value we found
was similar to a study of 421 healthy individuals con-
ducted to standardize the measurement of APMT in healthy
adults, with values of 12.5 ± 2.8 mm for men and
10.5 ± 2.3 mm for women.31,32

The value of APMT was higher in the group with mRS
<3 than in the mRS ≥3 group, showing the importance
of this parameter. Another way to analyze the APMT is
to show the association with functional capacity by ap-
plying the ROC curve. The AUC was .75 and defined
12.5 mm as the cutoff point. When evaluating the asso-
ciation between APMT and functional capacity using
logistic regression, we found that each increase of 1 unit
of APMT implies a 30% decrease in the likelihood of func-
tional disability, even when adjusted by factors known
to influence the prognosis after stroke. Thus, the mea-
surement of APMT is associated with significant clinical

Figure 1. Areas under the receiver operating characteristic (AUROC) curve
for adductor pollicis muscle thickness values.

Table 3. Variables evaluated during hospitalization
associated with the mRS ≥3 evaluated 90 days after hospital

discharge

Variables OR CI 95% P

Obesity* 2.16 .405-11.606 .36
APMT (mm)* .76 .613-0.951 .016
AMA (cm2)* 1.00 .95-1.06 .823
Obesity and APMT

<12.5 mm*
37.05 2.30-595.04 .011

Abbreviations: AMA, arm muscle area; APMT, adductor pollicis
muscle thickness; CI, confidence interval; NIHSS, National Insti-
tutes of Health Stroke Scale; OR, odds ratio.

*Variables evaluated separately by multivariate logistic regres-
sion and adjusted according to confounders (age, sex, NIHSS,
thrombolysis, and type of stroke).
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outcomes such as functional capacity. Furthermore, in our
study, patients were evaluated in the first 36 hours after
stroke; thus, the measure of APMT reflects the nutri-
tional status prior to the stroke. Considering the hypothesis
that higher muscle mass protects against poor out-
comes, preserved muscle mass reflects better glucose
metabolism, better fitness, and genetic predisposition, and
lowers systemic inflammation.9

Regarding the AMA values, ours are below the 10th
percentile compared with the American population data.21

In seeking Brazilian data, we found 3 studies with AMA
data: (1) In 429 elderly people living in an urban area
in southern Brazil, the average values of AMA were
49.0 ± 15.7 cm2 for men and 45.8 ± 16.3 cm2 for women.33

(2) In 483 ambulatory elderly residents in northeast of
Brazil, the AMA mean values were 40.9 ± 10.4 cm2 for men
and 34.9 ± 12.6 cm2 for women,34 and, finally, (3) in 26 hos-
pitalized patients (62% women), the average AMA value
was 33.7 ± 11.0 cm2.35 Hence, our AMA values are con-
sistent with the findings in Brazilian literature. The use
of international standards to interpret the data on Bra-
zilian populations should be avoided, because this type
of procedure can lead to the tendency to underestimate
the muscle mass of patients. Also, we did not find any
association between the AMA values and functional ca-
pacity in patients with stroke.

Recently, some important studies have shown a pos-
sible protective role of overweight and obesity after
stroke.8,10,36 However, the reasons why obesity protects
against poor outcomes are not known. In our study, we
found an obesity rate from 25% to 29% of patients. This
frequency is greater than the percentage of obese adults
found in the Brazilian population; for example, a
population-based study showed that in all 27 cities in
Brazil, the frequency of obese adults was 16.8%.37 It is
important to note that the presence of obesity is a risk
factor for stroke.38,39 However, obesity was not associ-
ated with functional capacity.

Finally, patients may be obese and have low values of
APMT. This group of patients is 37 times more likely to
have a disability. These results suggest a worse progno-
sis when obesity is associated with reduced APMT. In
fact, our study used bedside anthropometric methods to
estimate muscle mass and BMI, and the results should
be confirmed using more complex methods. However, these
data suggest that concomitant low muscle mass and high
fat mass leads to poor outcomes. In the same way, a pre-
vious study using DXA showed that low muscle associated
with high or low fat increased mortality. The reasons why
obesity associated with low muscle exerts additional
adverse effects on general outcomes remains to be elu-
cidated but includes higher inflammation and insulin
resistance.7,9

Few published data have assessed body composition
in more than 1 compartment, involving lean and fat mass.
APMT, weight, and stature are simple, inexpensive, and

feasible at the bedside. Low APMT was previously evalu-
ated in healthy people and in patients with stroke.4,26 In
addition, in diseases such as surgical, critical, and cir-
rhotic patients, the APMT was associated to poor
prognosis.27-30 The present study hypothesized that APM
is a potential tool to predict prognosis after stroke. From
now on, it will be necessary to carry out new studies
on a larger scale to prove this applicability. Therefore,
APMT and BMI are potential tools to be used as markers
of poor outcome after stroke, and may lead to more in-
tensive nutritional interventions.

Conclusion

Low APMT was associated with poor functional
outcome, independently of age, gender, type of stroke,
thrombolysis, and NIHSS. Low APMT and concomitant
obesity increase the risk of disabilities.
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