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s u m m a r y

Background: In neurodegenerative disorders or in normal aging humans a relationship between muscle
mass and/or performance and brain volume was observed, that is not dependent on age or other con-
founding factors. The aim of the present study is to analyse the relationship between lean mass and
handgrip strength in alcoholics, who frequently show brain and muscle atrophy.
Methods: It was included 101 male patients aged 58.35 ± 11.59 years, and 44 controls, all of them
workers of our hospital, drinkers of less than 20 g ethanol/day, of similar age. Patients and controls
underwent dominant handgrip assessment with a Collins’ dynamometer, whole body composition
analysis by densitometry, and brain computed tomography (CT) examination, with further calculation of
several indices indicative of brain atrophy.
Main Results: 1) Brain atrophy is a very common finding among alcoholics, both among cirrhotics and
non-cirrhotics. 2) Alcoholics show a marked reduction in handgrip strength, and also in lean mass,
especially at the arms and legs ebut not in the trunk, even if patients with ascites were excluded.3)
There is a relationship between reduced lean mass and brain atrophy, and a close correlation between
handgrip strength and brain atrophy, that is independent of age and liver function. 4) Total fat amount is
not different among alcoholics and controls, but there are marked differences in fat distribution: alco-
holics show less fat in arms, but more fat in trunk, so that if we calculate the peripheral fat/trunk fat
index, marked differences were observed among alcoholics and controls. Neither total fat nor fat dis-
tribution were related to brain atrophy.
Conclusion: among alcoholics, as in other neurodegenerative conditions, there is a relationship between
reduced lean mass and brain atrophy, and a close correlation between handgrip strength and brain at-
rophy, that is independent of age, duration of ethanol consumption and liver function.

© 2018 Published by Elsevier Ltd.
1. Introduction

Chronic ethanol consumption is associated with both muscle
wasting and protein-calorie malnutrition, characterized by a
decrease in lean mass and fat mass and also Kwashiorkor-like
features [1]. However, not all groups that have analysed this issue
have reached similar results [2]. Some have reported preservation
or increase in fat mass, especially at the trunk [3] (moremarkedly in
some collectives such as African Americans [4] or women [5]),
whereas others have pointed out that fat mass is decreased [6]. By
contrast, there is general agreement that 40e60% of heavy
. Martín-Gonz�alez).
alcoholics suffer from chronic myopathy, an entity that was
described several decades ago [7] and that is defined by muscle
fiber atrophy (mainly type II fibers [8]) and weakness especially
affecting proximal muscles. Alcoholic myopathy depends on an
imbalance between protein synthesis and protein breakdown, with
a possible contributory role of vitamin D deficiency and/or alter-
ations in micronutrients and perhaps inflammation [9].

In recent times it has become progressively clear that muscle is a
main source of several hormones and cytokines, functioning as an
endocrine organ that exerts important systemic effects [10e12]. A
group of these so called myokines are active on the brain [13]. In
addition, muscle activity may improve cerebral blood flow,
decrease insulin resistance, and exert anti-inflammatory effects
and thus may contribute to adequate brain performance [14,15]. On
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the other hand, fat also behaves as an endocrine organ. In parallel
with muscle myokines, fat derived adipokines may also affect brain
structure and function [16,17]. Burns et al. (2010) found a rela-
tionship between leanmass and whole-brain volume, white matter
volume and cognitive performance. The relationships of lean mass
were especially marked with whole brain volume andwhite matter
volume [18]. Kim et al. (2014) described a relationship between
sarcopenia and mild cognitive dysfunction in patients with end-
stage renal disease [19], and Nourhashemi et al. (2002) also
found a relationship between cognitive impairment and low
muscle mass in a large series of community-dwelling elderly
women [20]. In accordance with these studies, Colcombe et al.
(2003) described a relationship between physical activity and brain
volume [21]. In general, the results of all this research raise the
possibility of a direct effect of muscle on brain alterations, perhaps
mediated by myokines or by the other factors mentioned before.

In addition to alcoholic myopathy, brain atrophy is also an
outstanding feature of chronic alcoholism. Based on the previous
comments, it is important to examine if there is any association
between altered muscle function and/or body composition, and the
intensity of brain atrophy in alcoholic patients. This is the aim of the
present study.

2. Patients and methods

We included 101 male patients aged 58.35 ± 11.59 years, and 44
controls, all of them workers of our hospital, drinkers of less than
20 g ethanol/day, with similar age (56.75 ± 6.50 years, t¼ 1.01; NS).
All patients were heavy drinkers, as recorded in Table 1. The daily
amount of ethanol consumed was estimated as follows:

Daily amount of ethanol (g) ¼ volume of ethanol-containing
beverage (L) x grades of alcohol/100 � 0.8.

The information about ethanol ingestion (daily ingestion, years of
consumption) was obtained by direct inquiry to the patient and
relatives. All patients were admitted for alcohol withdrawal syn-
drome and/or organic complications related to alcohol consumption.
Womenwere not included due to the small number of cases (only 9
during this prospective case collection), and the marked differences
in body composition and handgrip strength compared to men.
Table 1
Some clinical and biochemical data of cirrhotics and non-cirrhotics.

Cirrhotics (n ¼ 43)

Age 58.53 ± 10.42
Daily Ethanol (g) consumption 174 ± 96
Years of addiction 33 ± 12
Handgrip strength 15.16 ± 10.73
Bicaudate index 0.1629 ± 0.0397a

Bifrontal index 0.3550 ± 0.0493a

Cella index 0.0653 ± 0.0233a

Celda Media index 4.5001 ± 1.0287a

Ventricular index 0.4798 ± 0.0856a

Evans index 0.3059 ± 0.0431a

Cortical atrophy (yes/no) 33/8
Cerebellar atrophy (yes/no) 31/10
Haemoglobin (g/dl) 12.09 ± 2.28
MCV (fl) 102.16 ± 10.84
Prothrombin activity (%) 66.35 ± 21.19
Serum albumin (g/dl) 3.34 ± 0.76
Serum GGT (U/L) median (IQ range) 432 ± 732

215 (71e416)
Serum bilirubin (mg/dl)

median (IQ range)
3.85 ± 4.78 2.3 (1.0e3.80)

Serum creatinine (mg/dl) 1.07 ± 0.97
Serum ASAT (U/L) median (IQ range) 91.7 ± 86.1 62.0 (33.0e115.0)
Serum ALAT (U/L) median (IQ range) 53.6 ± 51.2 37.0 (23.0e70.0)

a n ¼ 41.
b n ¼ 57.
All patients underwent complete laboratory evaluation and
abdominal ultrasound exploration. They were classified as cir-
rhotics (n ¼ 43) when the liver was irregular in shape, heteroge-
neous in texture, and splenomegaly and/or portal dilatation were
observed. Some clinical and biological features of cirrhotics and
non-cirrhotics are shown in Table 1.

All patients underwent, at admission, a brain computed to-
mography (CT) examination. From the CT images we calculated the
indices shown in Fig. 1. In three cases, technical problems (moved
images) precluded accurate calculation of these indices. The vast
majority of the controls (40) either underwent a CT examination at
the inclusion in the study or had undergone a brain CT examination
within a 12-month period before inclusion in the study, so indices
derived from these CT were compared with those of the patients
(Table 2). We also recorded the presence or not of cortical atrophy
or cerebellar atrophy, according to the radiological report of the CT
examination, performed by an experienced radiologist.

2.1. Body composition analysis. Handgrip strength

Patients and controls (Table 2) underwent a body composition
analysis assessed with a HOLOGIC QDR-2000 (Waltham, MA, USA)
dual-energy X-ray densitometer, that allows measurement of the
amount of fat mass and lean mass in different body compartments.
Clinical conditions of some patients (mainly agitation in relation to
withdrawal syndrome and/or dementia) made this kind of analysis
impossible.

Dominant arm handgrip strength was assessed using a Collins
hand dynamometer in the 101 patients and in the 44 controls.

2.2. Statistics

The KolmogoroveSmirnov test was used to test for normal
distribution, a condition fulfilled by most variables. For variables
with a non parametric distribution, the tests used were Man-
neWhitney's U test, KruskalleWallis test, Spearman's correlation
analysis or c2, whereas Student's t test, variance analysis and
Pearson's correlation analysis were used for the variables with a
normal distribution. Also, multivariate analyses were also
Non-cirrhotics (n ¼ 58)

58.21 ± 12.47 T ¼ 0.051; NS
205 ± 175 T ¼ 1.28; NS
34 ± 15 T ¼ 1.06; NS
17.50 ± 13.99 T ¼ 0.91; NS
0.1625 ± 0.0376b T ¼ 0.051; NS
0.3544 ± 0.0397b T ¼ 0.073; NS
0.0652 ± 0.0194b T ¼ 0.04; NS
4.3979 ± 0.9685b T ¼ 0.50; NS
0.4830 ± 0.0854b T ¼ 0.78; NS
0.3025 ± 0.0352b T ¼ 0.43; NS
42/15 Х2 ¼ 0.29; NS
40/17 Х2 ¼ 0.13; NS
13.00 ± 2.01 T ¼ 2.67; p ¼ 0.009
99.79 ± 7.42 T ¼ 1.20; NS
86.83 ± 14.64 T ¼ 5.74; p < 0.001
3.63 ± 0.63 T ¼ 2.12; p ¼ 0.033
179 ± 208 95 (42.5e233) Z ¼ 2.44; p ¼ 0.015

1.48 ± 1.81 1.0 (1.0e1.18) Z ¼ 4.90; p < 0.001

0.86 ± 0.42 T ¼ 1.30; NS
59.1 ± 90.6 31.5 (21.0e75.0) Z ¼ 2.99; p ¼ 0.003
49.4 ± 64.5 31.50 (17.0e54.5) Z ¼ 1.32; NS



Fig. 1. CT indices used in this study. BICAUDATE INDEX ¼ minimum width of lateral ventricles/skull width at the same level ¼ B/E. BIFRONTAL INDEX ¼ maximum width of frontal
horns/skull width at the same level ¼ A/D. EVANS INDEX ¼ maximumwidth of frontal horns/skull width at the level of the third ventricle ¼ A/F. CELLA INDEX ¼ width of the third
ventricle/skull width at the same level ¼ C/F. CELDA MEDIA INDEX ¼ maximum width of the skull/width of lateral ventricles ¼ G/H. VENTRICULAR INDEX ¼ minimum width of
lateral ventricles/maximum width of frontal horns ¼ B/A.

Table 2
Body composition analysis and CT indices among patients and controls. Lean and fat mass are given in grams.

Patients (n ¼ 93) Controls (n ¼ 44) T; p

Left arm lean mass 2760 ± 649 3005 ± 461 T ¼ 2.54; p ¼ 0.012
Left arm fat mass 905 ± 505 1310 ± 513 T ¼ 4.36; p < 0.001
Right arm lean mass 2719 ± 632 3173 ± 476 T ¼ 4.22; p < 0.001
Right arm fat mass 893 ± 528 1418 ± 559 T ¼ 5.33; p < 0.001
Left leg lean mass 7461 ± 1535 8179 ± 1096 T ¼ 3.13; p ¼ 0.002
Left leg fat mass 2879 ± 1652 3228 ± 1070 T ¼ 1.48; NS
Right leg lean mass 7483 ± 1547 8373 ± 1003 T ¼ 4.04; p < 0.001
Right leg fat mass 2885 ± 1641 3274 ± 1077 T ¼ 1.66; NS
Trunk lean mass 25,254 ± 4147 26,442 ± 3163 T ¼ 1.85; NS
Trunk fat mass 12,161 ± 6332 11,539 ± 4353 T ¼ 0.67; NS
Total lean mass
(excluding ascites)

49,505 ± 7610
(49,016 ± 7436)

53,256 ± 5941 T ¼ 2.83; p ¼ 0.005
(T ¼ 3.17; p ¼ 0.002)

Total fat mass 20,426 ± 10,280 21,676 ± 6921 T ¼ 0.67; NS
Trunk fat/peripheral fat 1.68 ± 0.54 1.26 ± 0.37 T ¼ 4.73; p < 0.001
Trunk lean/peripheral lean (excluding ascites) 1.25 ± 0.17

(1.22 ± 0.16)
1.17 ± 0.08 T ¼ 3.93; p < 0.001

(T ¼ 2.55; p ¼ 0.012)
Trunk fat/total fat 0.5935 ± 0.106 0.5230 ± 0.072 T ¼ 3.99; p < 0.001
Trunk lean/Total lean
(excluding ascites)

0.5105 ± 0.032
0.5047 ± 0.030

0.4966 ± 0.017 T ¼ 3.26; p ¼ 0.001
(T ¼ 1.87; NS)

Bicaudate index 0.1609 ± 0.0376a 0.1233 ± 0.0236b T ¼ 7.09; p < 0.001
Bifrontal index 0.3534 ± 0.0430a 0.3195 ± 0.0372b T ¼ 4.37; p < 0.001
Cella index 0.0639 ± 0.0207a 0.0443 ± 0.0135b T ¼ 6.26; p < 0.001
Celda Media index 4.4625 ± 0.9870a 4.8767 ± 0.7396b T ¼ 2.27; p ¼ 0.025
Ventricular index 0.4778 ± 0.0846a 0.4142 ± 0.0846b T ¼ 4.01; p < 0.001
Evans index 0.3026 ± 0.0384a 0.2746 ± 0.0327b T ¼ 4.05; p < 0.001

a n ¼ 98.
b n ¼ 40.
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performed when appropriate. In order to perform logistic regres-
sion analyses some continuous variables were transformed into
qualitative dychotomic ones according to the median values, unless
otherwise specified. These analyses were performed with the SPSS
program (Chicago, Ill., USA).

The study protocol was approved by the local ethical committee
of our Hospital (number 2017/50) and conforms to the ethical
guidelines of the 1975 Declaration of Helsinki. All patients (or their
relatives in cases of dementia) gave their written informed consent.

3. Results

CT indices were similar among cirrhotics and non cirrhotics
(Table 1), but markedly different among patients and controls
(Table 2). No associations were observed between the presence or
not of cortical atrophy or cerebellar atrophy and the presence or not
of cirrhosis (Table 1).

CT indices were neither related to liver function tests (Child-
Pugh, bilirubin, prothrombin or albumin) nor to creatinine. No
differences were observed when the aforementioned liver function
variables were compared among patients with or without cere-
bellar atrophy or cortical atrophy.

3.1. Handgrip strength

Handgrip strength was markedly reduced among patients
(16.51 ± 12.70 kg vs 39.23 ± 11.05 kg, t ¼ 10.29; p < 0.001). An
inverse correlationwas observed among age and handgrip strength
(r ¼ �0.53; p < 0.001). Handgrip strength was also inversely
related to duration of ethanol addiction (r ¼ �0.42; p < 0.001), but



Table 3
Handgrip strength among patients with CT indices above/below the median.

Handgrip strength (UNITS)

Ventricular index 20.22 ± 13.32 13.77 ± 11.39 T ¼ 2.58; p ¼ 0.011
Bicaudate index 22.36 ± 13.94 11.96 ± 9.19 T ¼ 4.42; p < 0.001
Cella index 21.64 ± 14.16 12.22 ± 9.14 T ¼ 3.88; p < 0.001
Evans Index 21.37 ± 12.87 13.11 ± 11.36 T ¼ 3.37; p ¼ 0.001
Bifrontal index 21.42 ± 13.06 12.75 ± 10.96 T ¼ 3.57; p < 0.001
Celda Media index 13.27 ± 12.08 20.20 ± 12.41 T ¼ 2.81; p ¼ 0.006
Cortical atrophy (75/23) 14.81 ± 12.09 23.00 ± 12.75 T ¼ 2.81; p ¼ 0.006
Cerebellar atrophy

(71/27)
15.01 ± 12.20 21.26 ± 13.00 T ¼ 2.22; p ¼ 0.029
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not with the amount of ethanol consumed, serum GGT or MCV.
Multiple regression analyses disclosed that the relationship be-
tween handgrip and duration of ethanol addiction was in fact
dependent on the relationship between handgrip and age, the
variable “duration of ethanol addiction” becoming displaced by the
variable “age”.

Patients with cortical atrophy showed significantly reduced
handgrip strength compared to patients without cortical atrophy
(Z¼ 3.04; p¼ 0.002). A similar result was observed when handgrip
was compared among patients with or without cerebellar atrophy
(Z ¼ 2.54; p ¼ 0.011), but these differences disappeared when the
variable age was introduced in a logistic regression analysis.

Close relationships were observed between handgrip strength
and bicaudate index (r ¼ 0.42), bifrontal index (r ¼ �0.41), Evans
index (r¼�0.36), cella index (r¼�0.37; p < 0.001 in all the cases),
ventricular index (r ¼ �0.32; p ¼ 0.002), and celda media index
(r ¼ 0.33; p ¼ 0.012). Handgrip strength was also compared among
patientswith CT indices belowor above themedian,findingmarked
differences in all cases (Table 3). With all indices, handgrip strength
was markedly reduced among those patients with more intense
atrophy. Classifying handgrip strength according to median values,
we found that the variable handgrip strength displaced the vari-
ables age, duration of ethanol consumption, and Child-Pugh's score
in their relationships with ventricular index, remaining as the sole
variable related to it (p ¼ 0.015; odds ratio (OR) of handgrip below
the median in relation to more dilated ventricular index ¼ 0.37;
confidence interval (CI) ¼ 0.16e0.84). The same was observed with
cella index (p < 0.001; OR ¼ 0.21; CI ¼ 0.09e0.50). In addition, age
and handgrip strength showed an independent relationship with
bicaudate index (p ¼ 0.037; OR ¼ 0.34 (0.13e0.86) in the case of
handgrip). Age was the only variable selected when Evans and
bifrontal indices above or below the median were compared.
Table 4
Lean mass and fat mass compared with CT indices.

Bicaudate index Bifrontal index

Below the median
(less atrophy; n ¼ 49)

Over the median
(more atrophy; n ¼ 43)

Below the medi
(less atrophy; n¼

Left arm lean (g) 2828 ± 711 2671 ± 571 1.16 2789 ± 701
Left arm fat (g) 965 ± 568 815 ± 360 1.45 917 ± 572
Right arm lean (g) 2896 ± 670 2505 ± 524 3.09*** 2786 ± 694
Right arm fat (g) 944 ± 600 813 ± 410 1.21 882 ± 582
Left leg lean (g) 7896 ± 1574 6897 ± 1259 3.33*** 7759 ± 1614
Left leg fat (g) 2909 ± 1765 2775 ± 1480 0.39 2946 ± 1765
Right leg lean (g) 7920 ± 1542 6909 ± 1308 3.37*** 7774 ± 1596
Right leg fat (g) 2923 ± 1762 2765 ± 1442 0.47 2952 ± 1756
Trunk lean (g) 25,864 ± 3893 24,380 ± 4209 1.76 25,830 ± 4279
Trunk fat (g) 12,659 ± 6604 11,359 ± 5880 0.99 11,909 ± 6658
Total lean (g) 51,384 ± 7474 47,020 ± 6881 2.90** 50,904 ± 7982
Total fat (g) 21,304 ± 10996 18,979 ± 9048 1.09 20,089 ± 10838

*p < 0.05.
**p < 0.01.
***p < 0.005.
No differences were observed in handgrip strength among cir-
rhotics and non-cirrhotics (15.16 ± 10.73 vs 17.50 ± 13.99; t ¼ 0.91).
No relationships were observed between handgrip strength and
liver function parameters (prothrombin, bilirubin, Child-Pugh
score), besides a direct correlation with serum albumin
(r ¼ 0.323; p ¼ 0.001).

3.2. Body composition

In Table 2 we show that significant differences were observed
among patients and controls regarding lean mass, always reduced
among patients. Total lean mass was by far higher among controls
than among patients (t¼ 4.36; p < 0.001), especially if we excluded
patients with ascites (t ¼ 4.50; p < 0.001). Close, significant re-
lationships were observed between handgrip strength and right
arm lean mass (r ¼ 0.40; p < 0.001), left arm lean mass (r ¼ 0.29;
p ¼ 0.01), right leg lean mass (r ¼ 0.44; p < 0.001), left leg lean
mass (r ¼ 0.36; p ¼ 0.001), trunk lean mass (r ¼ 0.30; p ¼ 0.007)
and total lean mass (r ¼ 0.38; p < 0.001).

Total lean mass was inversely related to age (r ¼ �0.30;
p ¼ 0.004), as was right arm lean mass (r ¼ �0.29; p ¼ 0.006), left
arm leanmass (r¼�0.27; p¼ 0.008), left leg leanmass (r¼�0.38;
p < 0.001) and right leg lean mass (r ¼ �0.36; p < 0.001). Left leg
lean mass (r ¼ �0.24; p ¼ 0.016), right leg lean mass (r ¼ �0.28;
p < 0.006) and total lean mass (r ¼ �0.23; p ¼ 0.022) were all
inversely related to duration of ethanol addiction, but these re-
lationships were displaced by the variable age in all cases. No re-
lationships were observed among the daily amount of ethanol
consumed, MCV or GGT values and lean mass variables.

Significant differences were observed when the diverse vari-
ables related to lean mass were compared with the bicaudate,
bifrontal and cella indices (Table 4), but not with ventricular, Evans,
and cella media indices (Fig. 2aef). However, logistic regression
analyses disclosed that the relationships between the CT indices
and lean mass variables were dependent on age in all cases. The
exception was the relationship observed between cella index and
right leg lean mass. This variable was selected after age with a
borderline significance (p ¼ 0.051), so that reduced right leg lean
mass was associated with a more dilated cella index with an OR of
0.40 and CI ranging 0.159e1.003.

In general, there were trends to lower leanmass among patients
with cortical atrophy or cerebellar atrophy (Fig. 3 a, b), that were
not significant.

Leanmass parameters were not related to liver function, besides
weak correlations between trunk lean mass and bilirubin (r¼ 0.21;
Cella index

an
49)

Over the median
(more atrophy; n ¼ 43)

Below the median
(n ¼ 46; less atrophy)

Over the median
(more atrophy; n ¼ 46)

2714 ± 591 0.55 2778 ± 698 2731 ± 604 0.34
870 ± 402 0.45 969 ± 578 821 ± 396 1.43
2631 ± 553 1.17 2835 ± 678 2592 ± 567 1.87
883 ± 449 0.13 933 ± 584 832 ± 450 0.93
7053 ± 1309 2.29* 7793 ± 1623 7065 ± 1313 2.37*

2733 ± 1475 0.63 3101 ± 1888 2591 ± 1295 1.51
7076 ± 1345 2.25* 7847 ± 1606 7048 ± 1322 2.61*

2732 ± 1444 0.65 3122 ± 1875 3576 ± 1264 1.64
24,419 ± 3772 1.67 26,108 ± 4222 24,233 ± 3768 2.25*

12,214 ± 5885 0.23 12,399 ± 6763 11,704 ± 5803 0.53
47,567 ± 6535 2.18* 51,380 ± 7863 47,308 ± 6571 2.70**

20,367 ± 9420 0.32 20,980 ± 11148 19,424 ± 9082 0.73



Fig. 2. (aef): several variables related to lean mass compared with the indices derived from brain computed tomography examination.
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Fig. 3. (a,b): several variables related to lean mass among patients with or without cortical atrophy or with or without cerebellar atrophy were not significant.
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p ¼ 0.046), and between total lean mass and bilirubin (r ¼ 0.21;
p ¼ 0.048), but these correlations became non-significant if pa-
tients with ascites were excluded.

Differences in fat mass among patients and controls are also
evident, but only in arms (Table 2). Despite this, total fat amount
was similar among patients and controls, because we observed a
trend to higher amount of trunk fat among alcoholics. Indeed, when
we calculate a trunk fat/(arms fat þ legs fat) index, marked differ-
ences were observed among alcoholics and controls regarding fat
distribution (t ¼ 6.71; p<<0.001), with alcoholics accumulating
more fat in the trunk than controls. A similar relationship was
found when the trunk fat/total fat index was calculated (t ¼ 5.89;
p<<0.001). Smaller, but still significant differences were observed
when the trunk lean mass/(arms lean mass þ legs lean mass) index
was compared among patients and controls, even if the patients
with ascites were excluded (t ¼ 2.76; p ¼ 0.007). Patients showed
higher values of this index despite a by far lower total lean mass
and lean mass at the arms and legs.
Fig. 4. (a,b): several variables related to fat mass among patients with or withou
No relationships were observed among CT indices and body fat
(either total or by body compartments). No differences at all were
observed when fat mass was compared among patients with or
without cortical atrophy, or with or without cerebellar atrophy
(Fig. 4a,b).

No differences were observed in body fat parameters among
cirrhotics and non-cirrhotics, and there were no relationships be-
tween fat variables and liver function, assessed by Child-Pugh's
score.

4. Discussion

Our results clearly show that: 1) Brain atrophy is a very common
finding among alcoholics, both among cirrhotics and non-
cirrhotics. 2) Alcoholics show a marked reduction in handgrip
strength, and also in leanmass, especially at the arms and legsebut
not in the trunk, even if patients with ascites were excluded. 3)
There is a relationship between reduced lean mass and brain
t cortical atrophy or with or without cerebellar atrophy were not significant.
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atrophy, and a close correlation between handgrip strength and
brain atrophy, that is independent of age and liver function. 4) Total
fat amount is not different among alcoholics and controls, but there
are marked differences in fat distribution: alcoholics show less arm
fat, but more trunk fat, so that if we calculate the peripheral fat/
trunk fat index, marked differences were observed among alco-
holics and controls. Neither total fat nor fat distribution were
related to brain atrophy.

The first two conclusions are fully in accordance with other
reports, and confirm a well established fact. It is generally accepted
that ethanol mainly alters brain white matter, but also causes
neurodegeneration, especially in the prefrontal areas and some
hippocampal regions [22]. The pathogenesis of these alterations is
incompletely understood, although many factors seem to play a
role including a direct effect of ethanol on the myelin-synthesizing
ability of oligodendrocytes leading to disproportionate white
matter atrophy, alterations in brain inflammatory milieu [23],
oxidative damage, associated vitamin deficiency [24], or altered
blood flow [25]. Regarding the second conclusion, Lang et al. [26]
showed that muscle atrophy depends on ethanol-mediated inhi-
bition of protein synthesis, mainly related to a translational in-
efficiency. Increased protein breakdown may also contribute [9],
although some controversy exists regarding this item [27], as well
as regarding the possible sexual differences in the effect of ethanol
on muscle protein metabolism [28]. Reduction in protein synthesis
is especially marked in fast-twitch skeletal muscle but is not
observed in slow-twitch muscle [29].

However, our last conclusions, relative to the relationships be-
tween altered body composition and brain atrophy deserve some
commentary. In an observational cross-sectional study like this, the
possibility exists that the relationships observed aremerely derived
from what can be expected when a toxic compound, as ethanol,
exerts its deleterious effects simultaneously both on muscle and
brain. This possibility cannot be fully disclosed, but multivariate
analyses suggest the existence of an independent role of reduced
muscle strength on brain atrophy. Indeed, in the current study
several CT indices that indicate brain atrophy are related to hand-
grip strength independently of age, liver function and ethanol
consumption. Other authors have also studied the association be-
tween brain atrophy and sarcopenia and/or alteredmuscle strength
in conditions other than alcoholism. As commented, Burns et al.
[18] found that brain atrophy (assessed by magnetic resonance
imaging) was related to brain atrophy in Alzheimer's disease, in-
dependent of age and sex, and Nourashemi et al., in a study on
community-dwelling normal women aged 75 years and older,
found that women in the lowest quartile of lean mass had an OR of
1.43 for cognitive impairment compared with those in the highest
quartile [20]. In 2016, Chang et al. [30] performed a meta-analysis
of research in which the relationship between sarcopenia and
cognitive impairment was assessed. In this meta-analysis seven
studies, including collectives of community dwelling older adults
or patients with end-stage renal disease, were analyzed. Handgrip
strength was assessed in 4 of them, and cognitive impairment was
assessed by minimental state examination or similar scales. The
authors concluded that sarcopenia was independently related to
cognitive impairment. To our knowledge, there are no studies
dealing with alcoholism, but the results observed are similar to
those reported here: sarcopenia, including altered muscle function,
was related to impaired cognitive function or brain atrophy. These
results open the discussion of whether atrophied/functional
impaired muscle may exert a direct effect on brain or vice-versa, as
the data provided by Pruznak et al. [31] suggest. These authors
showed that intraventricular injection of ethanol led to an inhibi-
tion of muscle protein synthesis, so acute ethanol administration in
the brain could affect muscle protein synthesis and breakdown. To
our knowledge there are no studies that explored what happens
with the chronic administration of ethanol.

But, as commented, a likely possibility includes the altered
secretion of myokines on the brain [10e12]. The role of muscle-
derived factors, especially brain derived neurotrophic factor
(BDNF) on brain structure and function has been explored in
several neurodegenerative processes such as Huntington's disease
[32], Alzheimer's disease [33], psychiatric conditions or merely age
related cerebral changes [34]. Although altered BDNF levels have
been reported in alcoholics in relation to craving and dependence
[35], the potential role of BDNF and/or other myokines on the in-
verse relationship between muscle strength and brain atrophy in
chronic alcoholics is not known and needs future research.

It is also of interest the lack of relationship between fat mass
and brain atrophy. It is remarkable that fat mass at the arms and,
to a lesser extent, at the legs, is lower among alcoholics, some-
thing that is just the opposite with respect to trunk fat. That is,
alcoholics have, in general, less fat in the appendicular areas, but
more fat in the trunk, so a simple index such as trunk fat/pe-
ripheral fat shows very marked differences among alcoholics and
controls. Accumulation of fat in the trunk among alcoholics is not
a novel finding, since many authors have reported it in the last
decades [6], but the relationship between brain atrophy and trunk
fat has not been explored in alcoholics, but indeed in other con-
ditions, such as diabetes [16]. Trunk fat is a source of proin-
flammatory cytokines. From a theoretical point of view it is not
surprising that excessive TNF or IL-6 or decreased adiponectin
secretion e a profile usually associated with trunk fat accumula-
tion could contribute to neurodegeneration, although in our study
no relationship was found between fat amount and/or distribu-
tion and brain atrophy.

This study has some limitations. As previously commented, its
cross-sectional design does not allow the establishment of causal
links between brain atrophy and sarcopenia. Interventional studies,
including witnessed ethanol abstinence are needed, as well as
longitudinal observational studies. Dietary assessment and deter-
mination of serum levels of some parameters such as vitamin D,
could also aid to disclose the presence of confounding factors
potentially involved both in muscle and brain atrophy in alcoholics.
It would also be important to assess if the results observed in this
study are also present among alcoholic women. Nevertheless, the
results here presented, fully in accordance with the observations
derived from studies performed in other conditions characterized
by sarcopenia and brain atrophy and/or cognitive impairment,
suggest the possibility of a cross-talk between muscle and brain, in
which perhaps myokines play a relevant role, a matter that de-
serves future research.

Therefore the main conclusion of this study is that among al-
coholics, as in other neurodegenerative conditions, there is a rela-
tionship between reduced lean mass and brain atrophy, and a close
correlation between handgrip strength and brain atrophy, that is
independent of age, duration of ethanol consumption and liver
function. Future research should be aimed to disclose whether or
not there is a causal link between both sarcopenia and brain
changes, and to clarify the eventual role of myokines in these
alterations.
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